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PROCESS FOR PRODUCING ETHYLENE-VINYL ALCOHOL COPOLYMER 
RESIN. PROCESS FOR PRODUCING PELLETS AND RESIN PELLETS 

FIELD OF THE INVENTION 
5 The present invention relates to a process for producing an ethylene- 

vinyl alcohol copolymer (hereinafter, also referred to as "EVOH") with good 
thermal stability and a low production cost, a process for producing resin 
pellets, and resin pellets obtained by the process. 

10 BACKGROUND OF THE INVENTION 

EVOH is widely used for food packaging, because it has a high gas 
barrier property and excellent resistance properties against oil and organic . 
solvents, aroma retention property, transparency, and the like. For food 
packaging. Various kinds of molding processes are employed. Examples of 
such molding processes includes an extrusion molding process for films, a 
blow molding process for bottles, a vacuum molding process for various kinds 
of packages, and the like. Such molding processes start by feeding resin 
pellets into a hopper, etc. of an extruder. 

However, there is a problem that conventional EVOH resin pellets 
20 tend to be blocked in the hopper when the resins are fed into the extruder, and 
thus the resins are not fed into the extruder smoothly. 

Furthermore, since the melting temperature should be 200 or more 
at the time of the molding process, unless the polymer is provided with an 
improved thermal property, the polymer is deteriorated at the time of melt 
25 molding. As a result, fish eye or hard spots are formed, thus deteriorating 
the quality of the products. Therefore, it is necessary to provide the polymer 
with an improved thermal stability. 

Hitherto, in order to provide EVOH with such a property, a method of 
adding a minor component such as an acid material and/or a metal salt, etc. is 
30 well known. F or improving the long-run property and the appearance 
deterioration caused by the gel and hard spots, etc.. for example, JP 64- 
66262A discloses an EVOH of a composition that contains 0.0005-0.05 
weight % (based on metal) of a metal salt belonging to group II of the periodic 
table, 0.002-0.2 weight % of acid having a pKa of 3.5 or more and a boiUng 
point of 180^ or more, and 0.01-0.2 weight % of acid having a pKa of 3.5 or 
more and a boiUng point of 120X: or less and which exhibits a certain 
flowability. 
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The following are examples of a well-known method for obtaining 
EVOH pellets to which the minor component is added as mentioned above. 

(1) A method of spraying an aqueous solution of the minor component 
to EVOH pellets, blending thereof with a Henschel mixer, and then drying 
thereof (JP 55-12108A). 

(2) A method of mixing a minor component in the form of a powder to 
EVOH pellets, and dry-blending thereof with a super mixer (JP57-34148A). 

(3) A method of immersing EVOH pellets in an aqueous solution 
containing a minor component and removing water from EVOH pellets, 
followed by drying (JP64-66262A). 

(4) A method of adjusting the water content of EVOH pellets to 20 to 
80 weight %, and bringing the EVOH pellets into contact with an aqueous 
solution of at least one compound selected from the group consisting of a boron 
compound, acetate and a phosphoric acid compound (WO/99/052 13A). 

However, in the method explained in the above (1) or (2), the minor 
components cannot be contained in EVOH pellets sufficiently homogeneously, 
and it is difficult to control the added amount of the minor component. Thus, 
it is difficult to obtain products with a stable quality. Furthermore, the 
method explained in the above (3) or (4) is advantageous in that it is easy to 
control the amount of the minor component contained in the EVOH pellets by 
adjusting the concentration of the solution. However, when the EVOH 
pellets treated by these methods are molded by melt extrusion, the motor 
torque and torque variation of the extruder are increased. Therefore, in 
general, it is necessary to add a lubricant to EVOH resin composition at the 
time of extrusion. However, the EVOH resin composition is used preferably 
for the applications of food packaging, etc., and therefore, the use of such 
lubricants is not necessarily preferable from the sanitary viewpoint. Thus, it 
has been demanded that the lubricants be reduced or avoided. 

The EVOH pellets treated by the method (3) or (4) are generally 
obtained as follows. A methanol solution of saponified EVOH is allowed to 
precipitate in the form of a strand in a coagulation bath of a water/methanol 
mixed solution. The obtained strand is cut into pellets. However, in the 
case of EVOH of an ethylene content of less than 20 mol% and/or EVOH 
having a saponification degree of less than 95 mol%, strands are hot 
precipitated easily in the coagulation bath, and furthermore, cutting errors or 
contamination of fine powders easily occur, thus making it difficvilt to produce 
pellets stably. Occasionally, strands may not be precipitated, and paste-like 



EVOH is precipitated as a crumb-like product coagulated in an indeterminate 
shape. However, it is difficult to mix the minor component homogeneously 
into the crumb-like precipitates processed by the methods (3) or (4). Thus, it 
is not possible to obtain products of a stable quality. 

On the other hand, even if EVOH of an ethylene content of 20 mol% or 
more and/or the saponification degree of 95 mol% or more is used, when the 
strands are precipitated at high speed in order to improve the productivity, 
strands are not precipitated stably. Thus, it is difficult to produce pellets 
stably. Consequently, it was not possible to obtain products of a stable 
quality by the method (3) or (4). 

Furthermore, from the viewpoint of the production process, in the 
conventional method in which the EVOH pellets are immersed in a treating 
solution containing an acid material and/or a metal salt, a treating bath or a 
treating tower for the immersion treatment is required. The treating 
solution used in such a treating bath or treating tower is required to be 
thrown away after use or recycled in order to add an appropriate amount of 
acid materials and /or metal salts again, after the treatment of EVOH, 
because the acid materials and/or metal salts are consumed after the 
treatment. 

It is not preferable to throw away the treating solution in view of the 
influence on environment. Therefore, in general, the treating solution is 
disposed of by way of a wastewater treating plant. Furthermore, when the 
treating solution is collected and reused, in order to obtain products having a 
stable quality, apparatus for adding acid materials and/or metal salts again 
and apparatus for removing impurities such as oligomer, etc. in the treating 
solution are required. 

As mentioned above, the conventional methods suffer from a problem 
that large-scale treatment apparatus and a long treatment time are required, 
and that the production cost is high. 

Furthermore, an example of a wet extrusion includes a melt extrusion 
molding performed at certain energy (JP11-58500A), and melt extrusion 
molding by controlling the temperature of cylinder to a certain temperature 
(JP 11-58501A). 

However, the above-mentioned conventional methods require complex 
operations. Therefore, the methods are not preferable as a treating process 
for producing pellets of EVOH resin. 

Furthermore, when pellets of EVOH resin are fed to an extruder. 



melted and then subjected to a molding process, if residue of a saponification 
catalyst contained in the resin at the time of production remains in the 
polymer, the thermal stability may be deteriorated. 

Hitherto, in order to remove the residue of the saponification catalyst 
5 from the polymer, resin pellets are placed in a washing container and brought 
into contact in the sohd state with a washing water (water) so as to diffuse 
and extract residue from the inside of the resin pellets to the outside (JP55- 
19242A). 

However, the above-mentioned conventional method requires a long 
10 time and a large washing apparatus and space. 

Furthermore, in the above-mentioned conventional method, a large 
amount of water is attached to the resin. Therefore, in order to eUminate the 
water, a hot-air drying using a dryer is required. In this case, there is a 
problem that pellets occasionally are melted and attached to each other 
15 depending upon the drying temperatures. 

Furthermore, the conventional EVOH resin pellets are generally 
produced by a strand cutting method. That is, a strand (continuous stick-like 
product) is obtained by extruding a solution of resin from a metal mold into a 
poor solvent so as to precipitate, or a strand is obtained by extruding resins 
20 which are heated and melted and by cooUng and solidifying thereof. Then, 
the obtained strand is cut into pellets having the constant size by using a 
strand cutter (JP 3-61507A). However, since the strand cutting method 
requires a process for continuously precipitating or cooling and solidifying the 
extruded resin, it is difficult to cut a large amount of resin with high accuracy 
25 in a short time. Therefore, there is a problem that strands cut off easily. In 
particular, EVOH of a low ethylene content or EVOH of a low saponification 
degree suffers from the above-mentioned problem significantly, because the 
precipitating rate for allowing the strand to be precipitated from the solution 
is slow. 

30 Furthermore, when feeding water-containing EVOH resin pellets into 

the extruder, if a large amount of water is attached to the surface of the resin 
pellets, some problems arise. For example, pellets form bridges in the 
hopper; pellets are blocked in a feeder; water vapor is generated in the 
extruder, so that pellets of EVOH resin are melted and attached to each other; 

35 and the like. Specific problems include, bridges are formed in the hopper in 
the feeder, and thus raw materials are not fed to the extruder sufficiently. 
Another problem is that surface water separated in the feeder is fed to the 
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extruder to generate water vapor at the lower part of the hopper, so that the 
raw material pellets are melted and attached to each other. As a result, the 
raw material resins are not fed to the extruder sufficiently. In particular, in 
this case of the water-containing EVOH, melting point of EVOH is lowered. 
5 the pellets are likely to be melted and attached to each other at the lower part 
of the hopper. Furthermore, insufficient feeding of the raw materials may 
change the feeding amount into the extruder. Thus, there arise some 
problems, for example, the adding amoimt of acid -metal salt becomes 
unstable, deteriorating the thermal stability. Therefore, the improvement in 
10 methods for effectively feeding water-containing EVOH resin pellets into an 
extruder has been demanded. 

SUMMARY OF THE INVENTION 

It is a first object of the present invention to provide a process for 
15 producing EVOH, which reduces a discharge load to the environment, can be 
fed into an extruder smoothly without being blocked, and is excellent in 
extruding stability and thermal stability (long-run property), a process for 
producing resin pellets therefrom, and resin pellets produced by the above- 
mentioned process. 

2^ The second object of the present invention is to provide a process for 

producing EVOH resin and a process for producing pellets thereof, wherein 
residue of the saponification catalyst contained at the time of production of 
the EVOH resin can be removed effectively, and the resin can be washed in a 
small space. 

2^ The third object of the present invention is to provide a method for 

removing water firom a water-containing EVOH resin by using an extruder, 

and a process for producing EVOH resin, in which additives can be added into 

EVOH resin effectively. 

The fourth object of the present invention is to provide a method for 
30 cutting a water-containing and molten state EVOH resin right after being 

discharged from the extruder, thereby effectively cutting a large amount of 

polymers in a short time with high accuracy. 

In order to attain the above-mentioned objects, according to a first 

production process of the present invention, a process includes feeding EVOH 
35 into an extruder, keeping the temperature of the melting resin in the extruder 

at 70-170°C, and adjusting an amount of water so that the water content of 

EVOH right after being discharged is 5-40 weight %. 
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According to a second production process of the present invention at 
least one additive selected from carboxylic acid, a boron compound, a 
phosphoric acid compound, an alkali metal salt, and an alkaU earth metal salt 
IS added into the extruder. It is preferable that the additives are added to 
EVOH m a water-containing state and molten state. 

According to a third production process of the present invention, the 
water supplied to the extruder is a washing water for washing the EVOH 
resin, the resin is washed by the washing water, the washing water is 
discharged in a liquid state from at least one place downstream from a 
washing water supply portion, and residue of the saponification catalyst 
contained at the time of production of the resin is removed. 

According to a fourth production process of the present invention, a 
method for removing water removes water in the form of liquid water or vapor 
water from a water-containing EVOH resin from at least one portion of the 
15 extruder. 

According to a fifth production process of the present invention, the 
EVOH resin is cut into pellets after being discharged from the extruder and 
dried until the water content becomes 1 weight% or less. 

According to a first EVOH resin peUet of the present invention, no 
20 spherocrystals are observed in the center of the cross section of the resin 

pellet when the cross section is observed by a polarization microscope (with a 
magnification of 600). 

According to a second EVOH resin pellet of the present invention, an 
angle of repose is 23° or less when the resin pellets are piled. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a schematic view to illustrate an outHne of a process using an 
extruder used in Examples 1 to 4 according to the present invention. 

FIG. 2 is a cross-sectional view showing a method for measuring an 
angle of repose of the resin pellet obtained in Examples 1 to 4 according to the 
present invention. 

FIG. 3 is a schematic view to illustrate a washing method of Examples 
5 to 10 in one embodiment according to the present invention. 

FIG. 4 is a schematic view to illustrate an outline of a process of 
adding a minor component after washing of Examples 5 to 10 in one 
embodiment according to the present invention. 

FIG. 5 is a schematic view to illustrate a method of removing water in 
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the form of Uquid water or water vapor of Examples 11 to 18 in one 
embodiment according to the present invention. 

FIG. 6 is a schematic view to iUustrate an outline of a process of 
adding a minor component after removing water in the form of Uquid water or 
water vapor of Examples 11 to 18 in one embodiment according to the present 
invention. 

FIG. 7 is a schematic view to illustrate an outline of a process using an 
extruder used in Examples 19 to 21 according to the present invention. 

FIG. 8 is a schematic cross-sectional view showing how to cut resin by 
a hot-cut method in Examples 19 to 21 according to the present invention. 

FIG. 9 IS a front view showing a die of FIG. 8. 

FIG. 10 is a schematic view to illustrate an outline of a process using 
an extruder used in Examples 22 to 23 according to the present invention. 

FIG. 11 IS a cross-sectional partially cut-away view showing a hopper- 
feeder used in Examples 22 and 23 according to the present invention. 

DETAILED DESCRIPTION OF THE INVENTION 

According to the present invention mentioned above, by performing a 
wet extrusion using an extruder, it is possible to provide peUets of EVOH resin 
which reduces a discharge load to the environment, can be fed into an 
extruder smoothly without being blocked, are in excellent in extruding 
stability and thermal stability Gong-run property). Furthermore, it is 
possible to provide EVOH resin pellets in which the polymer is prevented from 
being deteriorated. 

According to the first production process of the present invention, it is 
preferable that an ethylene content of EVOH is 3-70 mol%. Furthermore, it 
is preferable that the saponification degree of EVOH is 80-100 mol%. 
Furthermore, it is preferable that the water content of EVOH to be fed to the 
extruder is 0.5-70 weights. Furthermore, it is preferable that water is 
supplied/removed to /from the extruder so that the water content of the resin 
right after being discharged from the extruder is preferably 5-40 weight% and 
more preferably 15-30 weight%. Furthermore, the temperature of resin in 
the extruder is preferably 70-170^:, and more preferably 90-140=0. 

It is preferable in the second production process of the present 
invention that at least one additive selected from carboxyUc acid, a boron 
compound, a phosphoric acid compound, an alkaU metal salt and an alkaU 
earth metal salt is added into the extruder. Thus, an excellent thermal 
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property can be attained. Furthermore, among the additives, carboxylic acid 
having pKa at 25t: of 3.5 or more is preferable. A preferable example of 
carboxylic acid is acetic acid or lactic acid. 

It is preferable in the second production process of the present 
invention that additive is added into the water-containing and molten EVOH. 
Furthermore, it is preferable that the additive is added in the form of an 
aqueous solution. It is preferable that the extruder has a kneading portion. 
Furthermore, it is preferable that the additive is added at the kneading 
portion of the extruder. Furthermore, it is preferable that there are one or 
two adding portions. 

It is preferable in the third production process of the present invention 
that the residue of the saponification catalyst contained in EVOH fed into the 
extruder is an alkaU metal ion and that the content of the ion is 0.1-5 
weight% based on metal. Furthermore, the washing water is an aqueous 
solution of acid having a pKa at 25°C of 3.5 or more is preferable. 
Furthermore, it is preferable that the washing water is discharged by at least 
one means selected firom a dewatering slit and a dewatering hole. 
Furthermore, after the washing water is discharged, preferably water is 
removed in the form of liquid water or vapor water to adjust the water content 
of the resin so that the water content of the resin right after being discharged 
from the extruder is 5-40 weight%, additive is added into the extruder, and 
then the resin composition is extruded from the extruder, followed by cutting. 
Furthermore, it is preferable that the content of alkali metal ions contained in 
the washed EVOH resin is 0.05 weight% or less based on metal. 

It is preferable in the fourth production process of the present 
invention that the method for removing water uses at least one means 
selected from a dewatering slit and a dewatering hole. Furthermore, it is 
preferable that the water-containing EVOH is in a molten or semi-molten 
state 



It is preferable in the fifth production process of the present invention 
that the resin is cut in a molten state. Furthermore, it is preferable that a 
method of cutting the resin is at least one method selected from a hot-cut 
method and an under-water cut method. Furthermore, after the copolymer is 
cut, preferably it is dried so as to have a water content of 1 weight% or less. 

It is preferable in the first to fifth production processes of the present 
invention that the method for feeding the pellet is a volumetric feeding 
method in which the pellet is fed into the extruder continuously at a constant 
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amount by using a volumetric feeder. 

Hereinafter, the present invention will be described by way of 
embodiments with reference to drawings. FIG. 1 is a schematic view to 
illustrate an outline of a process of a first embodiment according to the 
5 present invention. A water-containing EVOH is fed from a raw material 
feeding portion 1 of a twin screw extruder 20. EVOH, which is in a water- 
containing and a molten or semi-molten state, is fed forward by a full-flight 
screw 2, and kneaded at an inverted flight screw 3. At a vent cylinder 7, 
excess water is removed, and thus the water content is adjusted. Thereafter, 

10 EVOH is fed forward by a full-flight screw 4. A predetermined amount of 

additives are added into the extruder from a minor component adding portion 
8. Then, EVOH is kneaded at an inverted flight screw 5, passes through a 
full-flight screw 6, is discharged from a discharge portion 11 and is pelletized 
downstream from the discharge opening 11. Reference numeral 9 denotes a 

15 temperature sensor for detecting and controlling temperature of EVOH, and 
10 denotes a cylinder barrel. 

Next, FIGs. 3 and 4 are schematic views to illustrate a washing 
method in the second embodiment according to the present invention. In 
FIG. 3, EVOH is fed from a raw material feeding portion 101 of a barrel 111 of 

20 a twin screw extruder 110. EVOH, which is in a water-containing and a 
molten or semi-molten state, is fed forward by a full-flight screw 105a of a 
screw 112 and supplied with water, which is a washing water, from a washing 
water supply portion 102. Next, EVOH is kneaded at an inverted flight 
screw 106, and fed forward by a full-flight screw 105b. Excess water is 

25 squeezed and removed from EVOH at a dewatering portion 103. At the time 
of removing the excess water, the residue of the saponification catalyst 
generated during the production process is washed and removed fi-om EVOH. 
Thereafter, EVOH passes through a seal ring portion 107 and a full-flight 
screw 105c and then is discharged from a discharge portion (not shown). 

30 Reference numeral 104 denotes a temperature sensor for detecting and 
controlling the temperature of EVOH. 

FIG. 4 is a schematic view to illustrate an outline of a process for 
adding a minor component after washing in one embodiment according to the 
present invention. EVOH is fed from a raw material feeding portion 123 of a 

35 barrel 121 of a twin screw extruder 120. EVOH, which is in a water- 
containing and a molten or semi-molten state, is fed forward by a full-flight 
screw 128a of a screw 122 and supplied with water, which is a washing water, 
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from a washing water supply portion 124. Next, EVOH is kneaded at an 
inverted flight screw 129a, and is fed forward by a full-flight screw 128b. 
Excess water is squeezed out and removed from EVOH at a dewatering 
portion 125a. At the time of removing the excess water, the residue of the 
saponification catalyst generated during the production process is washed and 
removed from EVOH. Thereafter, EVOH passes through a seal ring portion 
130 and a fiill-flight screw 128c, and then is further subjected to dewatering or 
degassing treatment at a dewatering portion 125b. Next, additives are 
added from a minor component adding portion 126, the resin is kneaded at an 
inverted flight screw 129b, passes through a full-fUght screw 128d and then is 
discharged from a discharge portion (not shown). Reference niuneral 127 
denotes a temperature sensor for detecting and controlling the temperature of 
EVOH. 

FIGs. 5 and 6 are schematic views to illustrate a degassing* 
dewatering method of the third embodiment according to the present 
invention. A water-containing EVOH is fed from a raw material feeding 
portion 201 of a barrel 211 of a twin screw extruder 210. EVOH, which is in a 
water-containing and a molten or semi-molten state, is fed forward by a full- 
flight screw 204a of a screw 212, and kneaded by an inverted flight screw 205. 
At a dewatering portion 202 including a dewatering slit and a dewatering hole, 
excess water is removed in the form of liquid water or water vapor, and thus 
the water content is adjusted. Thereafter, EVOH is fed forward by a full- 
flight screw 204b, and further fed to a discharge portion (not shown). 
Reference numeral 203 denotes a temperature sensor for detecting and 
controlling the temperature of EVOH. 

FIG. 6 is a schematic view to illustrate an outline of a process of 
adding an additive after excess water is removed in the form of liquid water or 
water vapor in one embodiment according to the present invention. A water- 
containing EVOH is fed from a raw material feeding portion 223 of a barrel 
221 of a twin screw extruder 220. EVOH, which is in a water-containing and 
a molten or semi-molten state, is fed forward by a full-flight screw 227a of a 
screw 222, and kneaded at an inverted flight screw 228a. At a dewatering 
portion 224 including a dewatering slit and a dewatering hole, excess water is 
removed in the form of liquid water or water vapor, and thus the water 
content is adjusted. Then, EVOH is fed forward by a full-flight screw 228b, 
and further fed to a discharge portion (not shown). Reference numeral 226 
denotes a temperature sensor for detecting and controlling the temperature of 
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EVOH. 

FIGs. 7 to 9 are schematic views to iUustrate an outUne of a process in 
a fourth embodiment according to the present invention. In FIG. 7, a water- 
containing EVOH is fed from a raw material feeding portion 311 of a twin 
screw extruder 310. EVOH, which is in a water-containing and a molten or 
semi-molten state, is fed forward, and kneaded at an inverted flight screw 312. 
The amount of water in EVOH is adjusted at a dewatering slit 313. Then, 
EVOH is fed forward to a discharge portion 321. The discharge portion 321 
is equipped with a cutter 320 (which is illustrated in detail in FIGs. 8 and 9). 
A circulating water of the cutter is suppUed from a cooling water supply 
portion 322, and the cooling water and the pellet are discharged from the 
pellet discharge portion 323. 

FIG. 8 is a schematic cross-sectional view showing a cutting process by 
a hot cut method. Water-containing EVOH discharged from a discharge 
portion 331 of a twin-screw extruder is cut by the rotation of a rotation blade 

333 right after the EVOH is extruded from a die 322. Reference numeral 

334 denotes a rotation axis directly connected to a rotation blade 333. 
Cooling water 337 is supplied from a cooling water supply port 336 to a cutter 
box 335 to form a water membrane 338 therein. The water membrane 338 
cools down the pellet right after cutting. The cooUng water and the pellet 
340 are discharged from a pellet discharge portion 339. FIG. 9 is a front view 
of a die 332. The water-containing EVOH is discharged from holes 341. 

The cutting method in water (for example, an under-water cutting 
apparatus) is similar to the hot-cut method. The difference between them is 
that in the in-water cutting apparatus, cooling water substantially fills the 
cutter box 341. 

FIGs. 10 and 11 are schematic views to illustrate an outline of a 
process of the fifth embodiment according to the present invention. In FIG. 
10, a water-containing EVOH is fed from a raw material feeding portion 401 of 
a twin screw extruder 420. EVOH, which is in a water-containing and a 
molten or semi-molten state, is fed forward by a full-flight screw 402, and 
kneaded at an inverted flight screw 403. At a vent cylinder portion 407, 
excess water is removed from EVOH, and thus the water content is adjusted. 
Thereafter, EVOH is fed forward by a full-flight screw 404, and a 
predetermined amount of additives is added into the extruder from a minor 
component adding portion 408. Then, EVOH is kneaded at an inverted flight 
screw 405, passes through a full-flight screw 406, is discharged from a 
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discharge portion 411, and is peUetized downstream from the discharge 
portion 411. Reference numeral 409 denotes a temperature sensor for 
detecting and controUing temperature of EVOH and 410 denotes a cylinder 
barrel. 

FIG. 11 is a cross-sectional partially cut-away view showing a hopper- 
feeder used in the process in one embodiment according to the present 
invention. The hopper-feeder 430 includes a hopper 431 containing resin 
pellets with a Ud 432. a level switch 433 detecting the amount of resin pellets 
a stirrer 434 preventing resin peUets from being bridged, a motor 436 for 
rotating a screw 437. a duct 438 for feeding resin into the extruder, and a base 
435. 

It is preferable that EVOH used in the present invention is one 
obtained by saponifying ethylene-vinyl ester copolymer. The content of 
ethylene is generally 3-70 mol%. From the viewpoint of providing molded 
articles having high gas-barrier property and excellent melt moldability. the 
content of ethylene is preferably 10-60 mol%, more preferably 20-55 mol% 
and most preferably 25-55 mol%. Furthermore, the saponification degree of 
the vinyl ester component is 80 to 100 mol%. From the viewpoint of 
providing EVOH having a high gas barrier property, the saponification degree 
IS preferably 95 mol% or more, and more preferably 99 mol% or more. 

On the other hand, EVOH having an ethylene content of 3-20 mol% is 
used suitably for EVOH provided with water solubility. Such an aqueous 
solution of EVOH has an excellent gas barrier property, a film formation 
property, and is used for an excellent coating material. 

EVOH having a saponification degree of 80-95 mol% is used suitably 
for improving the melting moldabiUty. It may be possible to use such EVOH 
singly. It also is suitable to use such EVOH by blending with EVOH of 
saponification degree of 99 mol% or more. 

However, from the viewpoint of the production process, it is difficult to 
precipitate the above-mentioned EVOH of ethylene content of 3-20 mol% and 
EVOH of the saponification of 80-95 mol% by extruding a methanol solution of 
EVOH into a coagulation bath in the form of a strand by a conventional 
process. Thus, it was difficult to produce pellets stably, and it was also 
difficult to allow acid materials and metal salts to be contained in the peUets. 
It was also difficult to extract residue of saponification catalyst from the 
pellets by diffusion. The present invention makes it possible to produce 
pellets stably, and to add an acid material and metal salt into the peUets. 
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For this reason, the present invention has a great significance. 

With an ethylene content of EVOH less than 3 mol%, the resulting 
EVOH is poor in melt moldability, and may be deteriorated in water 
resistance, thermal resistance, and gas barrier property under high humidity. 
On the other hand, with an ethylene content of EVOH more than 70 mol%, the 
resulting EVOH does not provide a satisfactory gas barrier property, 
printability, or the like. Furthermore, with the saponification degree less 
than 80 mol%, the resultant EVOH does not provide satisfactory gas barrier 
property, coloring resistance, and humidity resistance. 

The following is an explanation of a process for producing EVOH. 
Polymerization of ethylene and vinyl ester is not limited to solution 
polymerization. For example, any of solution polymerization, suspension 
polymerization, emulsion polymerization, and bulk polymerization may be 
used. In addition, continuous polymerization and batch-type polymerization 
may be employed. Hereinafter, as an example, conditions for batch-t3T)e 
solution polymerization are explained. 

Solvent: Alcohol is preferable. However, other organic solvents 
capable of solving ethylene, vinyl ester and ethylene-vinyl ester copolymer 
(dimethylsulfoxide, etc.) can be used. Examples of useful alcohols include 
methyl alcohol, ethyl alcohol, propyl alcohol, n-butylalcohol, t-bulylalcohol, 
etc. Particularly, methyl alcohol is preferable. 

Catalyst: Examples of useful catalysts include an azonitrile initiator, 
for example, 2,2- azobisisobutyronitrile, 2,2-azobis-(2,4-dimethylvaleronitrile), 
2,2.azobis-(4-methoxy-2,4-dimethylvaleronitrile), 2,2-azobis-(2-cyclopropyl 
propionitrile), and the like, and an organic peroxide initiator, for example, 
isobutyryl peroxide, cumyl peroxyneodecanoate, diisopropyl peroxycarbonate, 
di-n-propyl peroxydicarbonate, t-butyl peroxyneodecanoate, lauroyl peroxide, 
benzoyl peroxide, t-butyl hydroperoxide, and the like. 

Vinyl ester: Vinyl acetate, fatty acid vinyl ester (vinyl propionate, 
pivalic acid vinyl, etc.) may be used. Furthermore, EVOH may contain 
0.0002-0.02 mol% of vinylsilane compound as a copolymer component. 
Examples of vinylsilane compounds include, for example, vinyl 
trimethoxysilane, vinyl triethoxysilane, vinyltori( $ -methoxy-ethoxy) silane, 
V -methacryloxy propylmethoxysilane, and the like. Among them, vinyl 
trimethoxysilane and vinyl triethoxysilane are preferable. 

(1) Temperature: 20-90 °C, preferably 40-70*^:. 

(2) Time: 2-15 hours, preferably 3-11 hours. 
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(3) Polymerization rate: 10-90%, preferably 30-80% with respect to the 
prepared vinyl ester. 

(4) Resin content in solution after polymerization: 5-85%, preferably 
20-70%. 

(5) Ethylene content of copolymer: 3-70 mol%, preferably 10-60 mol%, 
more preferably 20-55 mol%, and most preferably 25-55 mol%. 

Moreover, in addition to ethylene and vinyl ester, it is possible to 
contain a small amount of monomer capable of being copolymerized with the 
ethylene and vinyl ester. Examples of such monomers include, for example, 
a -olefin such as propylene, isobutylene, a -octene, a -dodecene, etc.; 
unsaturated acid such as acryUc acid, methacryHc acid, crotonic acid, maleic 
acid, itaconic acid, etc., and anhydrate thereof, salt, or mono- or di-alkyl ester, 
etc.; nitrile such as acrylonitrile, methacrylonitrile, etc.; amide such as 
acrylamide, methacrylamide, etc.; olefin sulfonic acid such as ethylene 
sulfonic acid, allyl sulfonic acid, meta allyl sulfonic acid, etc. or salt thereof; 
alkyl vinyl ether, vinyl ketone, N-vinyl pyrrolidone, vinyl chloride, vinyHdene 
chloride, etc.; and the like. 

After a predetermined conversion is obtained after a predetermined 
time of polymerization, a polymerization inhibitor is added if necessary so as 
to evaporate and remove unreacted ethylene gas, and then unreacted vinyl 
ester is removed. The method for removing unreacted vinyl ester fi-om 
ethylene-vinyl ester copolymer from which ethylene has been evaporated and 
removed is, for example, a method in which the copolymerization solution is 
supplied continuously at a constant rate fi-om the upper part of a tower that is 
filled with a Raschig ring, vapor of organic solvent is blasted fi:om the bottom 
part of the tower and mixed vapor of organic solvent such as methanol etc., 
and unreacted vinyl ester is distilled firom the upper part of the tower. 

An alkali catalyst is added into the copolymer solution fi-om which 
unreacted vinyl ester is removed so as to saponify the vinyl ester component of 
the copolymer. The saponification can be performed by any of a continuous 
method and a batch type method. Examples of alkali catalyst include sodium 
hydroxide, potassium hydroxide, alkaU metal alcoholate, and the Uke. The 
following are the conditions of the batch-type saponification. 

(1) concentration of the copolymer solution: 10-50% 

(2) reaction temperature: 30-65^: 

(3) amount of catalyst used: 0.02-1.0 eqmvalence (with respect to a 
vinyl-ester component) 
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(4) time: 1-6 hours 

The EVOH after reaction contains alkaU catalyst, by-product salts, 
other impurities, and the Uke. and it is preferable that such impurities are 
removed if necessary by neutralization and washing. 

The present invention provides a process for producing an ethylene- 
vinyl alcohol copolymer resin, including feeding EVOH into an extruder, 
keeping the temperature of the melting resin in the extruder at 70-170°C, 
adjusting an amount of water by supplying/removing water into/from the 
extruder, and discharging the copolymer having a water content right after 
being discharged of 5-40 weight%. A shape of EVOH before feeding into the 
extruder is not particularly limited. It is possible preferably to use a pellet 
obtained by cutting strand precipitated in a coagulation bath, furthermore to 
use a crumb-like precipitate formed of coagulated EVOH paste in an 
indeterminate form. Furthermore, EVOH paste can be fed directly into the 
extruder. 

The lower Umit of the water content of EVOH before being fed into the 
extruder is preferably 0.5 weight% or more, more preferably 5 weight% or 
more, and particularly 7 weight% or more. Furthermore, the upper limit of 
the water content of EVOH before being fed into the extruder is preferably 70 
weight% or less, more preferably 60 weight% or less, and particularly 50 
weight% or less. If the water content of EVOH before feeding into the 
extruder falls within the above-mentioned range, it is possible to obtain a 
molten state EVOH at the temperature lower than the melting point of dry 
EVOH. Thus, it is possible to inhibit the thermal deterioration of EVOH in 
the extruder and to attain a good extruding stability. 

When the water content is less than 0.5 weight%, the effect of 
inhibiting the thermal deterioration of EVOH in the extruder may be 
insufficient. On the other hand, when the water content is more than 70 
weight%, the phase separation between resin and water contained in the resin 
is likely to occur in the resin composition of EVOH. If such a phase 
separation occurs, the surface of the resin becomes wet, thus increasing the 
friction. As a result, bridges may be formed in the hopper of the extruder, 
which may adversely affect the productivity of pellets of resin composition of 
EVOH. 

The method of adjusting the water content of EVOH before being fed 
into the extruder is not particularly hmited. In increasing the water content, 
a method of spraying water to resin, a method of immersing resin in water, a 
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method of bringing resin into contact with water vapor, and the like, are 
employed. Furthermore, in reducing the water content, appropriate drying 
methods may be employed. A method of drying resin by the use of. for 
example, a fluid type hot-air dryer or a ventilation hot-air dryer may be 
employed. From the viewpoint of reducing unevenness of drying, the fluid 
type hot-air dryer is preferred. Furthermore, from the viewpoint of 
inhibiting the thermal deterioration, the drying temperature is preferably in 
120 C or less. 

The temperature of the resin in the extruder is preferably 70-170t:. 
When the temperature of resin is less than 70X:, EVOH may not be melted 
completely. Furthermore, when at least one additive selected from carboxyUc 
acid, a boron compound, a phosphoric acid compound, alkali metal salt, and 
alkali earth metal salt is added, the effect of improving the diffusion property 
may be insufficient. The resin temperature is preferably 80X: or more and 
more preferably 90^: or more. Furthermore, when the resin temperature is 
more than 170X:, EVOH is susceptible to thermal deterioration. 
Furthermore, when at least one additive selected from carboxyHc acid, a boron 
compound, a phosphoric acid compound, alkali metal salt, and alkaU earth 
metal salt is added in a form of aqueous solution, if the resin temperature is 
more than 170^, water evaporates radically. Consequently, it may be 
difficult to mix EVOH with the aqueous solution at the preferable 
concentration of the aqueous solution. The resin temperature is preferably 
150°C or less, more preferably 140°C or less, and particularly 130X: or less. 
The method of adjusting such resin temperatures is not particularly limited, 
but a method of setting the temperature inside the cylinder in the extruder at 
an appropriate temperature is preferable. 

In the present invention, the resin temperature denotes a temperature 
detected by the temperature sensor provided at the cylinder of the extruder, 
and detected around the discharge portion at the tip of the extruder. 

According to the present invention, it is possible to wash and remove 
the residue of the saponification catalyst contained at the time of producing 
the EVOH in the extruder. Specifically, the EVOH resin is fed into the 
extruder, a washing water is suppHed from at least one portion of the extruder, 
the resin is washed, and the washing water is discharged from at least one 
place downstream from a washing water supply portion. This method is 
preferable because washing is performed effectively and a large washing 
space is not required as compared with the conventional method in which 
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resin pellets are placed in the washing container and is brought into contact 
with the washing water in a solid state to extract the residue of the 
saponification catalyst by diffusion. 

In this case, it is preferable that the residue of saponification catalyst 
contained m EVOH fed into the extruder is an alkali metal ion. 

The content of the alkaU metal ion contained in EVOH fed into the 
extruder is preferably 0.1-5 weighto/o. more preferably 0.2 weighto/o or more 
and particularly 0.5 weight% or more, based on metal. Furthermore the ' 
content IS more preferably 4 weighto/o or less, and particularly 3 weight% or 
less. When the content is less than 0. 1 weight%. EVOH can be produced 
sufficiently by the conventional process in a small space, and so it is less 
significant to employ the process of the present invention. On the other hand 
when the content is more than 5 weight%, it is necessary to have an extruder ' 
of large L/D for sufficient washing, which may lead to cost increases. 

Furthermore, in this case, it is preferable that the content of alkali 
metal ions contained in EVOH after washing is preferably 0.05 weighto/o or 
ess. more preferably 0.04 weight% or less, and particularly 0.0.3 weighf/o or 
less, based on metal. The content of more than 0.05 weight% is not 
preferable because the thermal stability of EVOH is deteriorated. 

Furthermore, the washing water used herein is not particularly 
limited as long as it is capable of removing the residue of the saponification 
catalyst, however, an aqueous solution of acid having a pKa of 3.5 or more at 
25 C is preferable. When an aqueous solution of acid having pKa at 25 X: of 
less than 3.5 is used. EVOH may not provide a satisfactory coloring resistance 
or inter layer adhesiveness. Among such acids, a carboxyUc acid is 
preferable. In terms of cost effect, acetic acid is preferable. The 
concentration of the aqueous solution of acetic acid is preferably 0.01-10 
g/hter, and more preferably 0.1-2 g/liter. 

It is preferable that the supplied amount of washing water is 0 1-100 
liter per 1kg of feeding resin. 

The method of adding washing water is not particularly Umited as 
long as It IS capable of adding washing water into an extruder. An example of 
an adding method includes a method of forcing the washing water by using a 
plunger pump, etc., and the Uke. A discharge portion is not particularly 
hmited as long as it is positioned downstream from the adding portion and can 
discharge liquid firom the extruder. A preferable example is a dewatering sUt 
or a dewatering hole. Moreover, a plurality of adding portions or a pluraHty 
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of discharge portions may be provided. 

Furthermore, in the present invention, after the above-mentioned 
washing or without washing, it is preferable that water or water vapor is 
removed from a water-containing EVOH in the extruder. Specifically it is 
preferable that at least one selected from water Uquid or water vapor is 
discharged from at least one place in the extruder. The discharging method 
IS not particularly limited. An example includes a method of discharging 
washing water from a dewatering slit, dewatering hole or a vent-port. 

Among them, the dewatering slit or dewatering hole is preferable 
Since in the case of using these means, water can be discharged in the form of 
hquid water or water vapor, it is possible to remove water efficiently from 
resin of a high water content. From this viewpoint, the dewatering sUt or 
dewatering hole is generally more effective than the vent-port, which can 
discharge only water vapor. Furthermore, when water is discharged through 
the vent-port, resin tends to attach to the vent-port, and such attached resins 
are deteriorated and enter the extruder. Again, a dewatering sUt or 
dewatering hole is preferable. 

Moreover, as the vent-port, a vacuum vent for removing water vapor 
under reduced pressure or an open vent for removing water vapor under 
ambient pressure can be used. 

Furthermore, when the dewatering hole is used, molten resin may 
leak from the hole. For this reason, the watering hole is preferred. A 
preferable example of such a dewatering sUt includes a wedge wire 
dewatering slit or a screen mesh type dewatering slit. Herein, the wedge 
wire denotes a wire having a wedge shape, that is. a triangular prism shape 
cross section. In the wedge wire dewatering slit, the wedge wires are 
arranged with a predetermined gaps and water from the resin is extruded out 
through the gaps. 

Moreover, the above-mentioned dewatering means may be used singly 
or a plurality of the same kinds of means may be used, or a combination of 
different kinds of means may be used. For example, it is possible to remove 
some amounts of water from resin of a high water content with a dewatering 
sht and then further removing water by the vent-port located downstream 
from the dewatering slit. 

The water content of the pellets of resin composition of EVOH right 
after being discharged from the extruder is preferably 5-40 weight% When 
the water content right after being discharged from the discharge portion is 
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more than 40 weight%. the phase separation between a resin and water 
contained in the resin may occur in the resin composition of EVOH. As a 
result, strands after being discharged from the extruder may foam easily 
The water content is preferably 35 weight % or less, and more preferably 30 
weight % or less. Furthermore, when the water content is less than 5 
weight%. the effect of inhibiting the deterioration due to heating of EVOH in 
the extruder may be insufficient. The resultant EVOH pellets may not be 
provided with a satisfactory coloring resistance. The water content is 
preferably 10 weight % or more, and more preferably 15 weight % or more. 

At least one additive selected from carboxyUc acid, a boron compound 
a phosphoric acid compound, alkali metal salt, and alkaU earth metal salt can 
be added singly, but a plurality of the additives may be added in the preferable 
ranges mentioned below, in accordance with embodiment. Thereby, it is 
possible to improve various kinds of performances of the EVOH resin 
15 composition pellet. 

It is preferable that carboxylic acid is added to the EVOH resin 
composition pellets of the present invention from the viewpoint of improving 
the thermal stability In this case, carboxyHc acid having pKa of 3.5 at 25X: 
IS preferable. When an aqueous solution of carboxylic acid having pKa at 
25 °C of less than 3.5 is used, it is difficult to control the pH of the resin 
composition of EVOH. Furthermore, the resin composition of EVOH may not 
be provided with a satisfactory coloring resistance or interlayer adhesiveness 
Examples of carboxylic acid include oxalic acid, succinic acid, benzoic acid 
citric acid, acetic acid, lactic acid, and the like. In terms of cost effect, acetic 
25 acid or lactic acid is preferably used. 

The content of carboxylic acid in the pellets of dried EVOH resin 
composition is preferably 10-5000 ppm. When the content of carboxylic acid 
IS less than 10 ppm, coloring may occur at the time of melt molding. 
Furthermore, when the content of carboxylic acid is more than 5000 ppm, 
30 sufficient interlayer adhesiveness may not be obtained. The lower limit of 
the content of carboxylic acid is preferably 30 ppm or more, and more 
preferably 50 ppm or more. The upper limit of carboxylic acid is preferably 
1000 ppm or less, and more preferably 500 ppm or less. 

It is also preferable that a phosphoric acid compound is added to the 
resm composition pellets of EVOH in terms of the improvement of the thermal 
stability The content of phosphoric acid compound in the pellets of dried 
EVOH resin composition is preferably 1-1000 ppm. By adding phosphoric 
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acid compound within an appropriate range, it is possible to inhibit the 
occurrence of color development and formation of gel and hard spots. The 
improvement effect by the addition of phosphoric acid compound is significant 
at the time of the long-run formation using pellets of EVOH resin 
compositions and at the time of collecting products. Examples of phosphoric 
acid compounds include various kinds of acids such as phosphoric acid, 
phosphorous acid, or their salt, etc. thereof, however, the present invention is 
not necessarily limited to these materials. For phosphoric acid salt, any 
forms of primary phosphate, secondary phosphate, or tertiary phosphate may 
be employed. Also, the cationic species thereof are not particularly Umited. 
However, an alkali metal salt, and an alkali earth metal salt are preferable. 
Above all, it is preferable that phosphoric acid compound is added in the form 
of sodium dihydrogen phosphate, potassium dihydrogen phosphate, disodium 
hydrogen phosphate, and dibasic potassium phosphate. 

The lower limit of the content of phosphoric acid compound is 
preferably 10 ppm or more, and more preferably 30 ppm or more based on 
phosphate radical. The upper limit is preferably 500 ppm or less, and more 
preferably 300 ppm or less. By adding phosphoric acid compound in such 
ranges, it is possible to obtain EVOH resin composition pellets which are less 
colored and not Hkely to form gel. When the content of phosphoric acid 
compound is less than 1 ppm, EVOH is radically colored at the time of melt 
molding. In particular, the phenomenon is observed significantly when 
thermal treatment is performed several times. The product obtained by 
molding the resin composition pellets may be poor in recycUng property. 
Furthermore, when the content of phosphorous compound is more that 1000 
ppm, gel and hard spots are likely to be formed. 

It is preferable that the pellets of EVOH resin composition of the 
present invention contains a boron compound firom the viewpoint of improving 
the thermal stability and mechanical property (JP 49-20615A). When a 
boron compound is added to an EVOH resin composition, it is thought that a 
chelate compound is generated between EVOH and the boron compound. By 
using such EVOH. it is possible to improve the thermal stability and 
mechanical property as compared with usual EVOH. 

Examples of the boron compound include boric acid, boric acid ester, 
borate salt, boron hydroxide, and the like. However, the boron compound is 
not necessarily limited to these materials. Specifically, examples of boric 
acids include orthoboric acid, metaboric acid, tetraboric acid, and the like; 
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examples of boric acids ester include triethyl borate, trimethyl borate, and the 
like; examples of borate salt include alkali metal salt, alkali earth metal salt 
borax, and the like, of the above-mentioned various boric acids. Among the ' 
above, orthoboric acid (referred to as merely boric acid) is preferable. 

The content of boron compound in the pellets of dried resin 
composition of EVOH of the present invention is preferably 20-2000 ppm and 
more preferably 50-1000 ppm. based on boron. When the content is less than 
10 ppm. the effect of improving thermal stability by adding a boron compound 
may not be obtained. When the content is more than 2000 ppm. geUing 
easily occurs, which may lead to formation defects. 

By adding alkali metal salts to the pellets of EVOH resin composition 
of the present invention, it is possible to improve the interlayer adhesiveness 
or compatibiHty effectively. The additive content of alkaH metal salts in the 
pellets of dry EVOH resin composition of the present invention is 5-5000 ppm 
more preferably 20-1000 ppm. and particularly 30-750 ppm, based on alkaU ' 
metal atom. An example of alkah metal includes lithium, sodium, potassium 
and the like. An example of the alkah metal salt includes aUphatic 
carboxylate, aromatic carboxylate. phosphate, metal complex of univalent 
metal, and the like. A specific example includes sodium acetate, sodium 
potassium, sodium phosphate. Uthium phosphate, sodium stearate, potassium 
stearate, sodium of ethylenediaminetetraacetic acid, and the like. Among 
them, sodium acetate, sodium potassium, and sodium phosphate are 
preferred. 

It is preferable that alkali earth metal salt is added to the pellets of 
the EVOH resin composition of the present invention. When alkaU earth 
metal salt is added, the effect of improving coloring resistance is somewhat 
lowered. However, it is possible to further reduce the amount of the 
thermally deteriorated resin attached to a die of a molding machine. There 
IS no particular limitation of alkali earth metal salt. However, magnesium 
salt, calcium salt, barium salt. beryUium salt, and the like, generally are used. 
Magnesium salt and calcium salt are particularly preferable. There is no 
particular hmitation of anion species of alkaU earth metal salt, but acetate 
anion, and phosphate anion are preferred. 

The content of the alkali earth metal in the pellets of dry EVOH resin 
composition of the present invention is preferably 10-1000 ppm, and more 
preferably 20-500 ppm, based on alkaU earth metal. When the content of 
alkali earth metal is less than 10 ppm, the effect of improving the long-run 
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property may be insufficient. When the content is more than 1000 ppm 
resin may be radically colored at the time of the melting resin. 

When the above-mentioned at least one additive selected from 
carboxyhc acid, a boron compound, a phosphoric acid compound, alkali metal 
wo^ ^^''^ "^^^^ *° contained in the pellets of 

J?^r^^r^T^°^^^''''' above-mentioned additives is 

added to EVOH having an ethylene content of 3-70 mol o/o and saponification 
degree of 80 moP/o or more in the extruder. By adding at least one of the 
1 n ^^'^^^-^^"^i^^^d additives into the extruder, it is possible to mix at least one 
10 of the above-mentioned additives with EVOH and to knead the mixture with 

^Tr^l'^x.f.™ ^''^ '^"^ embodiment, it is possible to obtain 
pellets of EVOH resin composition in which the motor torque and torque 
variation in the extruder at the time of molding is small; extruding stabiUty, 
coloring resistance and long-run property are excellent; less gel and hard 

15 spots occur; and resin is not attached to the die. Moreover, in the present 
invention, when adding at least one additive selected from carboxyUc acid a 
boron compound, a phosphoric acid compound. alkaU metal salt, and alkali 
earth metal salt, the feed position of carboxyhc acid in the extruder is 
preferably a position where the EVOH in the extruder is melted in terms of 

20 sufficiently exhibiting the effect of the present invention. In particular it is 
preferable that the additive is added into a water-containing and molten state 
iliVUH. 

Moreover, it is preferable that the extruder has a kneading portion 
In particular, it is preferable that is a position where additives are added is a 
-5 kneading portion of the extruder for homogeneously blending the additives. 

Furthermore, for the alkali metal salt and a metal salt other than 
alkah earth metal salt, salt of metal belonging to the fourth period of the 
periodic table, for example, manganese, zinc, cobalt, and the like, may be 
used. 

There is no particular limitation of how at least one additive selected 
from carboxyUc acid, a boron compound, a phosphoric acid compound, alkah 
metal salt, and alkali earth metal salt is added. For example, the materials 
can be added in a form of dry powder, in a form of paste in which a solvent is 
impregnated, in a state in which the materials are suspended in a Uquid. as a 
solution m which the materials are dissolved in a solvent, and the like. 
However, from the viewpoint of controlling the adding amount, and of 
attaining a homogeneous diffusion of at least one of the above-mentioned 
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add: xves m EVOH. the method of adding at least one of the above-mentioned 
addxtives as a solution in which the additives are dissolved in the solvent is 
partxcularly preferable. Such a solvent is not particularly Umited. However 

least one of the above-mentioned additives, a merit in terms of cost an 
easiness m handling, safety in operation environment, and the like' 

^« particular limitation in the method for adding at least one 

col 7 Tt T"''°'^''' ^ compound, a phosphoric acid 

compound, alkah metal salt, and alkali earth metal salt into the EVOH 

fdd77"; 'U' P'^'^^f 1^-* one of the above-mentioned additives is 

added into the extruder from at least one or two or more place(s) 

\^en at least one additive selected from carboxyHc acid, a boron 
compound, a phosphoric acid compound, alkali metal salt, and alkali earth 
metal salt is added to EVOH in a from of a solution, the lower Hmit of the 
added amount of the solution is preferably 1 part by weight or more, more 
preferably 3 parts by weight or more, and particularly 5 parts by weight or 
more, with respect to 100 parts by weight of dry EVOH. Furthermore the 
upper hmit of added amount of the solution is preferably 50 parts by weight or 
less more preferably 30 parts by weight or less, and particularly 20 parts by 
weight or less, with respect to 100 parts by weight of dry EVOH. When the 
added amount of the solution is less than 1 part by weight, since the 
concentration of the solution is generally increased, the effect of improving the 
diffusion property by the addition of at least one of the above-mentioned 
additives may be lowered. Furthermore, when the added amount is more 

FvnT^ "^Tl^ ^* ""^^ ^^•^^^ ^ ^ate^ content of 

EVOH. and thus phase separation between resin and water contained in the 
resin may occur in the resin composition of EVOH in the extruder 

In a conventional method of immersing EVOH in a solution of acidic 
material and/or metal salt, it was difficult to produce high quality products 
from the crumb-hke precipitate of EVOH. According to the present invention 
It IS possible to add at least one additive selected from carboxylic acid, a boron 
compound, a phosphoric acid compound, alkali metal salt, and alkaU earth 
metal salt into EVOH having such a shape, and thus pellets of EVOH resin 
composition of a stable quaUty can be obtained. 

The method of pelletizing the resin composition of EVOH discharged 
from the extruder is not particularly limited. An example includes a method 
of extruding the resin composition from dies into a coagulation bath in the 



23 



form of a strand, and cutting the strand into an appropriate length. From 
the viewpoint of handhng pellets easily, the aperture diameter of the dies is 
preferably 2-5 mm 0 (0 denotes a diameter and the same is true hereinafter). 
Preferably, the strand is cut into a length of about 1-5 mm. 

In general, the resultant pellets are dried. The water content of the 
pellets of the resin composition of EVOH after drying is generaUy 1 weight % 
or less, and preferably 0.5 weight % or less. The drying method is not 
particularly hmited. however, the ventilation drying method or the fluid-type 
drying method can be employed preferably. Also by combining some drying 
processes, a multi-step drying process can be employed. Among them, the 
method in which pellets are first dried by the fluid-type drying method, 
followed by drying pellets by the ventilation drying method can be used. 

According to one aspect of the present invention, when the cross 
section of the pellets is observed by a polarization microscope (with a 
magnification of 600), no spherocrystals are observed in the center of the cross 
section. In the pellets produced by the conventional process in which strand 
IS obtained by precipitating EVOH solution after saponification and then the 
strand are cut, spherocrystals are observed (Comparative Example 1). Also, 
in the pellets obtained by melt molding EVOH peUets without containing 
water at high temperature (Comparative Example 2), spherocrystals are 
observed. On the other hand, in the pellets of the present invention, no 
spherocrystals are observed, thus exhibiting a good performance. 

According to another aspect of the present invention, although the 
resin pellet does not contain lubricant, an angle of repose is 23 ° or less when 
resin pellets are piled up. With such a low angle of repose, resins can be fed 
into the extruder without blocking. It is preferable that lubricant is not used 
from the viewpoint of sanitary aspect of the EVOH resin used for food 
packaging etc. The fact that the lubricant is not used signifies not only that 
the lubricant is not contained in the resin composition but also that the 
lubricant is not attached to the surface of the pellets. 

In the conventional treating method in which EVOH pellets are 
immersed in a treating solution containing acid material and/or metal salt, 
the water content of EVOH after treatment was generally 40-70 weight%. 
However, in the method of the present invention in which EVOH is melted in 
the extruder and at least one additive selected from carboxylic acid, a boron 
compound, a phosphoric acid compound, alkali metal salt and alkali earth 
metal salt is added, it is possible optionally to adjust the water content of the 
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resin composition of EVOH right after being discharged and the water content 
right after being discharged from the extruder is preferably 5-40 weight%. 
Therefore, it is possible to obtain pellets having the water content that is 
lower than that of the conventional peUets. The pellets having such a low 
water content are preferable from the viewpoint of reducing the energy 
consumption in the drying process. 

In particular, the pellets having the water content of more than 40 
weight% may be melt attached between pellets at the drying temperature of 
100°C or more. Also, from this viewpoint, the treatment method of the 
present invention is preferable, in which pellets having a low water content 
can be obtained, and at least one additive selected carboxyUc acid, a boron 
compound, a phosphoric acid compound, alkali metal salt, alkali earth metal 
salt is added. 

It is possible to blend EVOH having a different polymerization degree, 
ethylene content and saponification degree into the EVOH resin composition 
pellets obtained by the above-mentioned method, thus melt molding thereof. 
Furthermore, it is possible to add the other reinforcing materials, such as 
various kinds of plasticizers, stabilizers, surface active agents, colorants, UV 
ray absorbers, antistatic agents, drying agent, crosslinking agents, metal 
salts, fillers, various kinds of fibers and the like. The pellet of EVOH resin 
composition of the present invention has a small motor torque and torque 
variation and excellent extrusion stabiUty Thus, it is preferable that the 
pellets of the present invention use significantly reduced or no lubricant in 
some embodiments. However, when a molding is formed of the above- 
mentioned pellet, the use of lubricant is an option and not limited. 

Furthermore, it is possible to blend an appropriate amount of 
thermoplastic resin other than EVOH in a scope consistent with the object of 
the present invention. An example of the thermoplastic resin includes 
various kinds of polyolefin (e.g. polyethylene, polypropylene, poly(l-butene), 
poly(4-methyl)-l.pentene, ethylene-propylene copolymer, copolymer ethylene 
and a -olefin having 4 or more carbon atoms, copolymer of polyolefin and 
maleic anhydride, ethylene-vinyl ester copolymer, ethylene-acryUc ester 
copolymer, or modified polyolefin in which the above-mentioned olefins are 
graft-modified with a saturated carboxylic acid or derivatives thereof, and the 
like), a various kinds of nylon (e.g. nylon-6, nylon-6, 6, nylon-6/6, 6-copolymer. 
and the Uke), polyvinyl chloride, polyvinylidene chloride, polyester, 
polystyrene, poly aery lonitrUe, polyurethane, polyacetal and modified 
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polyvinyl alcohol resin, and the like. 

The resultant pellets of the EVOH resin composition of the present 
invention are melt-molded into various kinds of molded articles, for example 
a film, a sheet, a container, a pipe, a fiber, and the like. Such molded articles 
are pulverized and molded again for reuse. The film, sheet, fiber etc can be 
stretched by a single screw stretching method or a biaxial stretching method 
An example of the usable melt molding method includes extrusion molding 
inflation extrusion, blow molding, melt spinning, injection molding, and the 
like. The melting temperature is preferably 150-270'C. although it differs 
depending upon the melting point, etc. of copolymers. 

The pellets of the resin composition of EVOH of the present invention 
are used practically in a multUayer product that includes at least one layer of 
the molded article such as a film, sheet, etc. of the composition of the present 
invention, as well as in a molded article that includes a single layer of the 
present resin composition. An example of the laminated structure product 
includes E/Ad/T. T/Ad/E/^Ad/T. and the like, wherein E denotes a an 
EVOH resin composition of the present invention, Ad denotes an adhesive 
resin, and T denotes a thermoplastic resin. However, the present invention 
IS not limited to this structure alone. The respective layer may be a single 
layer and occasionally may be a multilayer. 

An example of usful thermoplastic resin includes Unear low density 
polyethylene, low density polyethylene, medium density polyethylene, high 
density polyethylene, an ethylene-vinyl acetate copolymer, an ethylene- 
propylene copolymer, polypropylene, propylene- a -olefin copolymer (a -olefin 
has 4 to 20 carbon atoms), olefin such as polybutene, polypentene. etc.. or 
copolymer thereof, polyester such as polyethylene terephthalate. etc.. 
polyester elastomer, polyamide resin such as nylon-6, nylon-6, 6, etc.,' 
polystyrene, polyvinyl chloride, polyvinylidene chloride, acrylic resin,' vinyl 
ester resin, polyurethane elastomer, polycarbonate, chlorinated polyethylene, 
chlorinated polypropylene, and the Uke. Among them, polypropylene, 
polyethylene, ethylene-propylene copolymer, ethylene-vinyl acetate copolymer, 
polyamide, polystyrene, polyester are preferably used. 

When laminating EVOH and thermoplastic resin, adhesive resin may 
be used. In this case, adhesive resin made of carboxylic acid modified 
polyolefin is preferable. As carboxylic acid modified polyolefin, modified 
polyolefin copolymer containing carboxylic group, which is obtained by 
chemically bonding ethylene unsaturated carboxylic acid or anhydride thereof 
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to olefin-based polymer (chemically bonding herein includes, bonding by for 
example, addition reaction, or grafting reaction). Olefin-based polymer 
herein denotes polyolefin such as polyethylene (low pressure, medium 
pressure, high pressure), linear low density polyethylene, polypropylene 
polybutene. and the like, and copolymer of olefin and a co-L^meT(for 
example, with vinylester. unsaturated carboxylic ester, etc.) capable of 
copo ymerxzing olefin. For example, the copolymer is ethylene-vinyl acetate 
copolymer, copolymer of ethylene and ethyl ester acrylate. and the Uke 
Among them, hnear low density polyethylene, ethylene-vinyl acetate 
copo ymer (the content of vinyl acetate is 5-55 weight %), and a copolymer of 
ethylene and ethyl ester acrylate (the content of ethyl ester acrylate is 8-35 
weight/o) are preferable. Linear low density polyethylene and ethylene-vinyl 
acetate copolymer are particularly preferable. An example of ethylene 
unsaturated carboxylic acid or anhydride thereof includes ethylene 
unsaturated mono-carboxylic acid and ester thereof, ethylene unsaturated di- 
carboxyhc acid or mono- or di- ester thereof and anhydride thereof. Among 

them ethylene unsaturated dicarboxyHc acid anhydride is preferable A 
specific example includes maleic acid, fumaric acid, itaconic acid, maleic 
anhydride itaconic anhydride, maleic acid monomethyl ester, maleic acid 
monoethyl ester, maleic acid diethyl ester, fumaric acid monomethyl ester, and 
the like. Particularly, maleic anhydride is preferable. 

The amount of ethylene unsaturated carboxylic acid or anhydride 
thereof to be added or grafted (modification degree) is 0.01 to 15 weight -/o and 
preferably 0.02 to 10 weight % with respect to olefin-based polymer The 
addition reaction or grafting reaction of ethylene unsaturated carboxyUc acid 
to the olefin-based polymer can be obtained by a radical polymerization 
method m the presence of, for example, solvent (xylene, etc.). catalyst 
(peroxide etc.) or the like. The melt index (MI) of the resultant carboxyUc 

in polyolefin is preferably 0.2-30 g/lOmin. and more preferably 

nf ^ ? "^^^'^ measured by D-1238-65T in accordance with ASTM- 
D1238 at 190^. These adhesive resins may be used singly or in combiWion 
oi two layers or more. 

In the present invention, the above-mentioned multilayer product can 
be used m various kinds of shapes. However, in order to improve the 
physical property of the multilayer product, stretching is also preferable. 
Thereby, it is possible to obtain a stretched film, a stretched sheet, and the 
like, which IS firee firom rupture, pin-hole, stretching inconsistency, and 
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delamination. 

.tr.,r^^°' "'\T^''^' °f « Stretching method and a bi«dal 

stretching method may be employed. From the viewpoint of obtaining good 

r u invention, it is possible to obtain a stretched film a 

iZTf ■ 7^ f ' ^« '^■^ "-i'. =tretch°r' 

inconsistency, and delamination at the time of stretching 

„f hi„K "^"""^ f ''"''Wng method includes a stretching method 

of higher draw ratio firom a deep-drawing formation, a vacuum formation etc 

strlh '° X'f " ''-'^ --«><"1. « t«bult ' 

stretching method, a stretching blow method, and the like. As the biarial 

ske tching, any of a simultaneous biaxial stretching method and a sequential 

SL so 17^^ t?"!!"^"- temperature is selected 

trom 80-170'C, and preferably from 100-160°C. 

.1. Ji""^' stretching is completed, followed by thermal fixation The 
thermal fixation can be carried out by well-known means. The thermal 
fixation IS carried out at 80.170't: and preferably 100- 160t: for 2-600 seconds 
wxth the stretched film tensioned. Furthermore, the resultant stretehed film 
may be subjected to a cooling treatment, a printing treatment, a dry 
20 laminating treatment, a solution coating or melt coating treatment, a bag- 
making process, a box process, a tube process, split process, and the like 

The shape of the thus obtained multilayer product is optionally 
selected Examples of the shape include film, sheet, tape, bottle, pipe, 
filament, profile extruded product, and the like. Furthermore, the resultant 
25 multilayer product can be subjected to a thermal treatment, a cooUng 
treatment, a rolling treatment, a printing treatment, a dry laminating 
treatment, a solution coating or a melting coat treatment, a bag-making 
treatment, a deep-drawing treatment, a box treatment, a tube treatment, a 

30 iTke I^ TlV'^'^'i'''''" T^^^^- obtained film, sheet, container, or the 
30 like are useful for packaging materials of various kinds of products such as 
foods, drugs, industrial chemicals, agricultural chemicals, or the Uke 

When the multilayer products are produced, another base material is 
laminated on one or both surface^) of the layer made of molded articles such 
as a film, a sheet, etc, which is obtained from the EVOH resin composition of 
35 the present invention. An example of a laminating method includes: a 

method of melt extruding a thermoplastic resin onto the molded articles (film 
sheet, etc.); a method of co-extruding resin composition and other 
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thermoplastic resin onto the base material of thermoplastic resin etc • a 
method of co.u„ecting the thermoplastic resin and EVOH resin composition- 
EVOhZT " " molded articles obtainedr~ ' 

> ftZ hi T'T'"" " " ^ ^"^^t of composition of 
comoound " " ''^ «° organic titanium 

compound an isocyanate compound, a polyester-based compound etc • and 

ler tL ^r^*'"- of co-extruding the resin compos^ti„"Ld 

other thermoplasfac resin is preferable. Since the EVOH resin compos"f 
the present mve„t,on is exceUent in the interUyer adhesiveness, it L 
preferable as a res.n composition for cextrusion and a co-ertmsion 

multilayer product used thereof. 

«„H tK '^^'^''^ of co-extruding the composition of the present invention 

and thermoplastic resin, any of a multi-manifold combining system tZ 
method; a feed-block combining system T dip m«fy,«H a system i cUe 
may be employed. ^'"'^ inflation method 

nroH, .^"^ secondary processing the thus obtained co-extrusion multilayer 

obtained The following is an example of the obtainable molded articles. 
hi. i/ \ ^''^^^^''°-''"^*^^^^^bee<=°'fil°» produced 

or7:^^'''f:^ '"^'^"^ "^'^^ ^ P-^-^ (sheet mm. 

or the like), and then thermaUy treating thereof 

(2) A multilayer roll sheet or film produced by roUing a multilayer 
product (sheet, film, or the like). multilayer 

thern,«f ^ A multilayer package such as a tray, cup, etc.. produced by a 
thermal molding process such as a vacuum molding, a pressure molding 

the rkT).'"'"" ^ -^^^^^^^ P~<^-* (sheet, film, or 

moldin J f P^^^^^f .f ^"^h ^« ^ b°"le. cup. etc.. produced by stretch blow 
molding firom a multilayer product (pipe, etc.). 

A well kltwn 1' "° P^^*i<=^l^r limitation to the secondary processing method. 
A well-known secondary processing method other than the methods 
mentioned above (for example, blow molding) can be employed 

in.Pnt u'l co-extrusion multilayer products and co- 

in, action multilayer products, less gel and hard spots are formed, and fish eye 
and streaks occur less at the time of forming films, such product^ can be used 
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Examplo 

P. Hereinafter, the present invention wiU be explained with reference to 
Examples and Comparative Examples but is not limited to them alone 

' noted^M^' ^^^^^^^^ '^^-^ - -i^^^ unless otherwise 

noted. Moreover, water herein denotes ion exchange water. 

(1) Measurement of water content 

A sample of water-containing EVOH (20g) was placed in a weU-dried 

Tours "th ; ^"^^ ^'""'^ '-'^^ "^^^ ^ hot-air'dryer at 12o5^ft 24 
hours. The water content of EVOH was calculated from the change in values 
of weight of E VOH before and after drying. The calculation was performed L 
accordance with the following equation (1). penormea m 

Water content (weight %) 

= (weight before drying- weight after dried)/weight before drying X 100 

Equation (1) 

(2) Measurement of number of spherocrystals 

cut S» n,?' TT" ""lul"^^ '"''^ composition were cut with "Leichelt Ultra- 
cut S manufactured by Leica so as to obtain a slice having a thickness of 1 ^ 

Tu.. T^^ ''"k i-d^- 1-53) was added to the resultant sample 

Slice, which was observed by a polarization microscope (OPTIPHOT-POL 

tTIn w"^ '''T'' ''''^^■^ " magnification of 600. The center of 

Z!:Xs^r ' -^^-^> - — ^or 

(3) Measurement of angle of repose 

^. "^f^ "^^^ measured by using a measuring device 30 
shown m FIG. 2. The measuring device 30 includes a stainless steel butt 31 
(size: 470 mm X 330 mm X 80 mm. buff polishing finish (#400 finish)), a houtl 

hi .T"'' ' P^P^>' - --Pie receiver 

rw i n '"^^ ^^^'"^'^^^ ---- 32. and a supporting 

ring 34. The hollow cylindrical sample receiver 32 is 42 mm in outer 
diameter. 35 mm in inner diameter, and 365 mm in height. First, the butt 31 
7Z Pl^^e and the sample receiver 32 is positioned at the 

weight'/ , " 'iu "^'^"^ P^"^^ --Pie to be 0.3 

weight or less. The measuring environment was kept at the temperature 
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, " (300 ""l). and whole sample is eentlv add.H 

into the sample receivpr ^^9 ^i. i . , "^p^e gently added 

bet ■''^'^^^-^^O- ^'^iBht of the cone of samprahe en^h 

cone. Measurement was performed five times and the average was Zken 

0 =arctan (2h/D) 

s?m^Wmlt°Tn ! ""^'^ "'"""'^ <° >■ O^-"*^^ ''-8'" ""^e cone of 

25 

(4) Determination of added minor component 

^"'1"'^^'^^°'' performed in accordance with the following 
method. "Dry pellets" herein denote pellets obtained as folTowr^e EVOH 
res.n composition pellets to which at least one selected from ZXo^c flf a 
boron compound, a phosphoric acid compound, alkali metal salt aTalk^i 

ro?air"dt rldT "t" ^' wi;h a flutdtpe 

dryer " " '""^ ^' '•""^ " ™«Uation hot-al^ 

(4-a) Determination of carboxylic acid content 

"^/f "P'V' ^'^ P«"«ts (20g) was ptaced in 100 ml of ion exchanee 
water and heated at 95t: for 6 hours to obtain an extract solution 1^^ 
content of carboxyUc acid was determined by neutraUzation titration of the 
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extract solution with 1/50N NaOH Plior.«ir,»,<^oi 

(4-b, Deee™.„a«„„ „, alkali anTa^^^^e'SL"!" 1' 

A sample dry pellets (lOg) was placed in 50 ml of 0 OIN aaueon« 
solution of hydrochloric acid, and stirred at 95<C for 6 Ws ThZ ^ 
> aqueous solution was subjected to a quantitative ana^srwlthln 

?LeS CORP ' ^' ^"^-^^^ -nufactuL;: YOKOGAWA 

ELECTRIC CORP. was used. For an eluent. an aqueous solution of 5 0 mM 

(4-c) Determination of boron compound 

Na,CO, aqueous solution was added to the sample peUets and 
subjected to an incineration in a platinum crucible at 600^ Hydrochloric 

comp::Lln the'ob?'''' d t*^"^' '"^ -"^^"of^on 

TCP eZt . , '^"""^ ™ ^«"™i"e<i based on boric acid by an 

lOF emission spectral analysis. 

(4-d) Determination of phosphoric acid ion 

=„l . *fJ"?'^°"'^''^"^*^(l°8)wasplacedin50mlof0.01Naaueous 
solution of hydrochloric acid and stirred at SS'C for 6 hours. tLI^ 

chrTaU t° T ^ ^ quantitative analysis with^^ " 

ELECTRIC CoSp ' """.""S' '"^■^'^ — factured by YOKOGAWA 
2 5 mM^id r ^" "° ^"'"Wo- containing 

2^5 mM sodium carbonate and 1.0 mM sodium carbonate was employed 1^ 
the determination, a calibration curve made with respect to a solution of 

obtatedT "d "T^'t ™' of phosphorous compound was 

obtained based on phosphoric acid radical from the amount of the LJZt 

(5) Melt Index (MI) 

usin^J^^^r^^ ^^^""'^^ accordance with ASTM-D1238 by 

using a melt xndexer under the conditions where the temperature was 190^ 
and load was 2160 grams. peracure was lyox: 

(6) Single-layer film formation test 

(6-a) Motor torque and torque variation at the time of feeding into extruder 
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variation of tho i?\rr\xj xuutor torque and torque 

extruder coxnposxtion pellets when they are added into the 

The following are the specifications of the extruder. 
Extruder /->rn , _ 



Type 

L/D 
CR 

Diameter 
Screw 

Rotation number 
Driving machine 

Motor capacity 
Heater 
Width of die 

Temperature of resin in die 
Speed of taking out resin 



GT— 40— A manufactured by 

PLASTIC TECHNOLOGY CO., 
LTD. 

single screw extruder (non-vent 

type) 

26 

3.5 

40 mm <p 

Single-start full-flight type 
40 rpm 

DC electric motor SCR-DC218B 
manufactured by SUMITOMO 
HEAVY INDUSTRIES, LTD 
DC 7.5W (rated 45A) 
Four-part split type 
300 mm 
240t: 
10 m/min 



(6-b) Gels and hard spots 

„»n.. ^ ^'^ °' ™^ ^"""^^ by using a sample of dry 

pellets. One hour after the ffln> formation started, the number of ^uTnd 

bserved)^as counted and then the converted into a number with respeot to 

num'^ber o^Ld sp^tT ' "^'^ ^ '""""^ 

A: less than 20 

B: 20 to 40 

C: 40 to 60 

D: 60 or more 
(6-c) Coloring resistance 

„ell.. '^''^"^ °^ *>™^'' by using a sample of dry 

piper tuberdr "T''"' ^'^'^O' — -"-d onto a 

paper tube and the oolonng degree on the end face of the fflm was examined 



33 



) 



visually Then, evaluation was performed as follows. 

A: no coloring 

B: somewhat yellowing 

C: yellowing 

D: radically coloring 
(6-d) Amount of resin attached to the inside die 

A single layer film of EVOH wa<? fni-m^^ 
for 8 hours. After the fil™ ftT f ^ ""^'^^ ^ ^^"^^^^ of peUets 

extruder was «%"e o"^^ ^^^^^ 
thermally deteriorated and attached J^the L^rd;^^^^^^^^^^^ 

(7) Rate of melt attachment of peUets 

(Equation 2) and shown in weight%. equation 
Occurrence of melt attachment (%) 

= weight ofmelt attached pellets (g) x 100/500 (g) (Equation 2) 
(8) Surface water content 

Th» f " f ''^^ """" centrifuged with b centrifugal separator 

be wreni "a'^e^r ?::r'i^: s ^-^'^ ^-"^ ■•'^ 

encriiuging by the following equation (Equation 3). 
<Specifications of centrifugal separator) 
Type: H-130M 

Name: upper-part removing type centrifugal separator 

Maf ^J"-^""""^'^'"'""^- ^ depth 430 mm) 

Material: SUS 304 

Rotation number: 1000 rpm (510G) 
(Surface water content) 

Surface water content (weight %) 

=[(weight before centrifuge -weight after centrifuge)/weight before 



34 



10 



centrifuge] Xloo (Equations) 
(9) Raw material feeding continuous test 

continuous tsfwas ea^S":?;/ ^-"o- ' » KG. U. The 

whicl> the test wl s^Zd to l ; '"^ - 

taken. ^ ""^ extrusion defect occurred was 

(Volumetric single screw feeder) 

Specification: SVF-25 manufactured by Nippon Seikosho K K 

(-'""""l'-- 4-20 kg/hr) 



Hopper: 30L 
Drive: 0.4 KW 



15 Examplf. } 

caas ~r^arcr:t\7r ~r - 
" :-;--acid/so.umTrr;tr^^^^ 

amount of EVOHper u jr^mf "TnT ^ " """"^ " ^^-l^B 
water containedV and X J^r/^' '° ^"""^^ "^l""-^ "«8ht of 
5 0.65 L/hr ^le tre^tl^^ sot t T"""' of treating solution per unit time was 

acid, la .'^^^^i^::^^^:-::::^^ « g«,of acetic 

acetate, and 1 4 nf j , , acetate, d.O g/L of magnesium 

specifications of t tZZZj^t^^^'X'^- """"^ 

Type extruder(FIG. 1 shows a detailed structure). 

L/D Twin-screw extruder 



Diameter 

Screw 3Omm0 



diSti^*^ meshing in the same 
Rotation number qnn ^^1° 

Motor^capacity 

Number of dies holes ^t^r'^fl"'.'^* 
Temperature of resin in dies lost' * ' """"''"'^ ^ """^ * > 
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20 



Speed of taking out resin 5 m/min 

The water content of the EVnw 
discharged from the extrudeV« weSr%"X"'T "^"^'^ ^'^^^ "-"^ 
were dried at 100=C for 16 hours wIthTm /; 

loot fbr 15 hours with a ventUatTol dr^„ "^^ '^''^d ^' 

weight%. The dried peUet 1^T,T ^ ^ ^ 0-3 
acetic acid of 300 ppm thfc^ltlnt of°b7"""°" 

boric acid, and the content Sphoslho r"""""" "ased on 

Phosphate radical. Thttln^":?^^^,* "P- on 
potassium based on metal and l on ^"^ *° PP"" 

content of aliaU eanW L, "prnT" 

Furthermore. MI was 1.5 g/lOmZ magnesium based on metal. 

inside eh?x:rs:Lrc'raif r t "^"^ ^p'^-^s 

repose was 22° . "^e observed. Furthermore, the angle of 

spots, coloring resistance an^L l^oZTJ' *\°''=""=''- and hard 

tested. ^ amount of pellets attached to the die. were 

die used^Jtfrst' =P-fi-«ons of the twin-screw extruder and T 



Extruder 



TPPWMr.?'^?,'^?''*"'^^ PLASTIC 
Type TECHNOLOGY CO.. LTD. 

L/D Smgle-screw extruder (non-vent type) 



CR 

Diameter f;f 
Screw 



40 mm <f> 

Rotaf K "iWded 

Rotation number ^ «"ace 

Driving machine nc?!^. 

JUC electric motor SCR.DC218B 
Manufactured by SUMITOMO 

Motor capacity DC^I^w^^!™^^' ^"^^ 

Heater DC7.5KW(rated 45A) 

Width of die tj^^"^^ ^^^^ type 

lemperature of resin in dies 240t: 
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Speed of taking out resin lo m/min 



kg- cm at the time of extruslo? The t .T' 50 
resistance test were evaTua^ .s «A" and th' ""^ '""'^ 

the inside of the die was 2 2^ams 



except that an "^^^^en ^e s ' ""T"^ »^ ^-">'^« ^ 

inside the extruder! the Z^^—T^f'^'"'''.^^'- '-■"P^-ture 
extruder and the water contlnt" ^^^^^^^^^ 
shown in -IV.ble 1 and the feeding f mounrof EvSS ne k'" 
amount and the composition of fLr^f , 

15 from carboxylic acid.''a b^rc^ltut r^htjhr" ""h ^'""'^ ^^'^"^^ 
metal salt, and alkaU earth n,»*.l u Pf"'"'"'™ aeid compound, alkali 

Table , shows the cfndTt^L o^elrusioTSbrf h^^ '"T ^° ^^"'^ 

the treating solution Table <l « w I "'^ composition of 

pellet and Lie 4 sl^e'riut:: ^rts^" °^ '"^ 

an eth^wtrtt^firirz: w*^^ '^""^ -^-^^ 

sodium hydroxide/methan:;t irtst^ rj:rdt^"r * 
0.4 equivalent with resne,<f«. ■ . ^ ^ ^<>°ed thereto so as to be 

25 methanol was adtdTherl so tZlr'''' 

a<«usted to 20%. The Cer:tte Xd'^^^l'^^ 
performed for about 4 hours whil» h. 
After 4 hours the reacteTo H ! 

reaction. Fu«h ^orl wTer wL"" "tT!!"' ^^^''^ ^''P *e 

0 methanol solution o^EVOH 1 ^ 

saponi«eationrg^l!S;rbr^^^^^ ^ 
extruded from a metal molH • 7 , ^ EVOH solution was 

the BvoH -utionrpTett: i^rtr: r^nr^^^^^^^^ 

into pellets having a rli a rr,^^- r l a strand. The strand was cut 
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were imtlted in^ei"''" "^"^'^ ">°««'"^ 55 weight%) 

j u J a-^^ate, 0.3 g/L of magnesium acetate, 0.1 gtt- of ootassium 
dihydrogen phosphate, and 0.7 g/L of boric acid at 25t for 6 hZs After 
.mmers>ng. hquld was removed from the pellet, and the obtained peUelt^ 
res.n compos.t.on of EVOH (water content: 55 weight'/.) was iled at fio? f 
15 hours with a fluid type dryer and then dried at WOt Tor 2^ L t 
a..aat.ondryer. Thus, dry peHets (water o^tiro.f^e'ghXer'" 

acid of 30o\tt tr"" f ™P<'"tioa of EVOH had the content of acetic 
acid of 300 ppm, the content of boron compound of 270 ppm based on boric add 
and the content of phosphoric acid compound of 100 ppm based on pho "hoSc 
acid radical. The content of alkali metal salts was: 40 ppm for poCfum 

S e'aXmetT T '""^ ""^'^ The ~ o7 

alkah earth metal salts was 50 ppm for magnesium based on metal. 

made h^r' ™° Evaluations for the obtained pellets were 

made by the same manner as in Example 1. Table 4 shows the eval„a«on 

Comnarativp F.^f^ipp)^ o 

EVOH resin composition pellets were produced with the dried EVOH 

^E^xtrudlr''^ specifications of the extruder. 

GT-40-A manufactured by PLASTIC 
Type TECHNOLOGY CO.. LTD. 

L/j) Single-screw extruder (non-vent type) 

26 

3.5 

Diameter 4n ^ 

Sc mm 0 

^^^^ Single-start full-flight type, 

T?„4.„+ iiitriding steel surface 

Rotation number 40 rpm 

Driving machine DC electric motor SCR-DC218B 

Manufactured by SUMITOMO 
Tvr^^ HEAVY INDUSTRIES LTD 

Motor capacity DC7.5KW (rated 45A) 
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tieater 4-parts split type 

Die width 6 holes (hole diameter:3 mm « ) 

Temperature of resin in dies 250°C 

Speed of taking out resin 2 m/min 

The resultant pellets of EVOH resin composition were dried at lOOX: 
for 24 hours with a ventilation dryer to obtain dry pellets (water content: 0.3 
weight%). The dried pellets of resin composition of EVOH had the content of 
5 acetic acid of 220 ppm, the content of boron compound of 270 ppm based on 
boric acid, and the content of phosphoric acid compound of 100 ppm based on 
phosphoric acid radical. The content of alkali metal salts was: 40 ppm for 
potassium based on metal and 130 ppm for sodium based on metal. The 
content of alkali earth metal salts was 50 ppm for magnesium based on metal. 
10 Furthermore, MI was 1.5 g/lOmin. The pellets were examined in the same 
manner as in Example 1. 

The conditions and results mentioned above are shown in Tables 1 to 

4. 

Table 1 

15 [Conditions of extrusion] 





Ethylene 

content 

(mol%) 


Saponifi- 
cation 
degree 
(%) 


Feeding 
amount 
of EVOH 
*1 

(kg/hr) 


Adding 
amount 
of 

treating 
solution 
(Uhr) 


Tempera 
-ture of 
resin in 
extruder 
(C) 


Water content 


Before 

feeding 

into 

extruder 
(wt%) 


Right 
after 
discharg- 
ed j5rom 
extruder 
(wt%) 


Ex.1 


32 


99.5 


10 


0.65 


100 


35 


20 


Ex.2 


32 


99.5 


10 


0.5 


120 


50 


30 


Ex.3 


55 


90 


10 


0.45 


100 


10 


10 


Ex.4 


5 


99 


10 


0.7 


100 


30 


20 


Co.2 


32 


99.5 


10 




250 


0.3 


0.3 



*1 weight of EVOH in a water-containing state 



Ex: Example, Co: Comparative Example (the same is true in the following 
Tables) 



Table 2 





Acetic 

acid 

(g/L) 


Boric 

acid 

(g/L) 


Phosphoric 
acid compound 
(g/L) 


Alkali metal 
salt (g/L) 


Alkali earth 

metal 

Salt (g/L) 


Ex.1 


4.3 


15 


NH,PO. 1.4 


NaOAc 4.6 


MgCOAc), 3.0 


Ex.2 


7.2 




H^PO^ 1.6 


NaOAc 17.8 


Ca(OAc), 4.0 


Ex.3 






H^FO^ 2.1 


NaH^PO^ 10.4 




Ex.4 


2.1 




H,PO. 0.3 


NaOAc 4.6 


Ca(OAc), 4.0 


Co.l 


0.4 


0.7 


KH,PO. 0.1 


NaOAc 0.4 


Mg(OAc), 0.3 



Table 3 





Acetic 

acid 

(ppm) 


Boric 

acid 

(ppm) 


Phosphoric 
acid 

Compound *^ 
(ppm) 


Alkali metal 
salt *^ (ppm) 


Alkali earth 
metal 

Salt (ppm) 


Ex.1 


300 


270 


100 


K 40 
Na 130 


Mg 50 


Ex.2 


500 




150 


Na 500 


Ca 100 


Ex.3 






500 


Na 100 




Ex.4 


150 




30 


Na 130 


Ca 100 


Co.l 


300 


270 


100 


K 40 
Na 130 


Mg 50 


Co.2 


220 


270 


100 


K 40 
Na 130 


Mg 50 



*2: based on phosphoric acid radical 
*3: based on metal 
*4: based on metal 
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Table 4 



[Evaluation results] 





Quality of j 


sellet 


Extruding stability 


Quality of 1 


&lm 


Number 
of sphero- 
crystals 
(number/ 
mm^) 


Angle 
of 

repose 

C ) 


Torque at 
the time 
of feeding 
into 

extruder 
(kg -cm) 


Torque 
variation 
(kg* cm) 


Attached 
amount 
m die (g) 


hard 

SDOts 


coloring 
resistance 


Ex.1 


Not 

observed 


22 


220 


50 


2.2 


A 


A 


Ex.2 


Not 

observed 


21 


170 


20 


1.4 


A 


B 


Ex.3 


Not 

observed 


22 


185 


25 


2.9 


B : 


B 


Ex.4 


Not 

observed 


21 


180 


30 


1.3 


B 


B 


Co.l 


Observed 


25 


>1000 


>300 


3.1 


B 


B 


Co.2 


Observed | 26 


>1000 


>300 


3.5 


B 


C 



As is apparent from Tables 1 to 4 (particularly from Table 4), in 
Examples 1 to 4 of the present invention, spherocrystals were not observed, 
and the angle of repose was within the range of 21° to 22° . Therefore, the 
pellets produced in Examples 1 to 4 can be fed into the extruder smoothly, and 
extruding stability and quaUty of formed films are excellent. On the other 
hand, the pellets obtained in Comparative Examples 1 and 2 cannot be fed 
into the extruder smoothly and extruding stability of the pellets was not 
preferable, because, in Comparative Example 1, acetic acid etc. is adsorbed 
due to the immersing method, and in Comparative Example 2, the pellets 
were produced by extrusion molding of the resin obtained in the Comparative 
Example 1, and so spherocrystals were observed and the angle of repose was 
more than 23° . 

As mentioned above, according to Examples 1 to 4, by wet-extruding 
EVOH by using an extruder, it is possible to produce EVOH resin pellets, 
which reduce a discharge load to the environment, can be fed into an extruder 
smoothly without being blocked, and are excellent in extruding stability and 
thermal stability Qong-run property). Furthermore, since the treatment can 
be performed at relatively low temperature, it is possible to produce EVOH 
resin pellets in which the polymer is prevented from being deteriorated. 
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EVOH having an ethylene content of 32 mol%, the saponification 
degree of 99.5 mol% and the water content of 35 weight% and a sodium 
content of 1.5 weight% based on metal was fed into a twin-screw extruder 
shown in FIG. 3. The twin-screw extruder includes a raw material feeding 
portion, a washing water supply portion, and a dewatering portion. The 
dewatering portion was provided with a wedge wire type dewatering slit. 0.5 
g/L of acetic acid aqueous solution was added from the washing water supply 
portion. The feeding amount of EVOH per unit time was 50 kg/hr (which 
includes the weight of water contained), and the added amount of aqueous 
solution of acetic acid per unit time was 600 L/hr. The retention time of 
EVOH was 5 minutes. Thereafter, EVOH discharged from a strand die 
installed at the tip of the extruder was cut in the form of a strand with a 
pelletizer, to thus obtain pellets. The following are the specifications of the 
twin-screw extruder, 

"^Vpe Twin-screw extruder 

L/D 42 

Diameter 47 mm 0 

^^^^'^ Complete meshing in the same 

direction 

Rotation number 450 rpm 

Temperature of cylinder 95°C 

Temperature of dies 120^3 

Number of dies hole 5 holes 

The water content of the EVOH resin composition pellets after being 
discharged from the extruder was 39 weight%. The content of sodium ions in 
the resin was 0.0007 weight% based on metal. 
ExamplPfi fi p 

EVOH pellets were produced by the same manner as in Example 5 
except that an ethylene content of EVOH, the saponification degree and 
extruding conditions such as the feeding amount of EVOH, the concentration 
and the adding amount of acetic acid in the washing water were changed to 
those shown in Table 5. Table 6 shows evaluation results in terms of a 
washing property. 
Comparative Exampip .q 

0.7kg of water-containing EVOH pellets having an ethylene content of 
32 mol%, the saponification degree of 99.5 mol%, the water content of 40 
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weight% and the content of sodium ions of 1.5 weight% based on metal were 
immersed in 25L of 0.5 g/L aqueous solution of acetic acid (SO'C), and washed 
for 5 minutes, which corresponds to the retention time of the EVOH in the 
extruder. Thereby, the washed water-containing EVOH pellets (water 
content: 40 weight%) were obtained. The obtained pellets were evaluated in 
the same manner as in Example 5. Table 6 shows the evaluation results. 
Comparative Kyflmplft 4 

0.7kg of water-containing EVOH peUets having an ethylene content of 
55 mol%, the saponification degree of 90.0 mol%, the water content of 43 
weight% and the content of sodium ions is 1.0 weight% based on metal were 
immersed in 25L of 0.5 g/L aqueous solution of acetic acid (30^) and washed 
for 5 minutes, which corresponds to the retention time of the EVOH in the 
extruder. Thereby, the washed water-containing EVOH peUets (water 
content.- 43 weight%) were obtained. The obtained pellets were evaluated in 
the same manner as in Example 5. Table 6 shows the evaluation results. 
Comparative TCvamrlg f> 

0.7kg of water-containing EVOH peUets having an ethylene content of 
10 mol%, the saponification degree of 99.0 mol%, the water content of 45 
weight%, and the content of sodium ions of 2.0 weight% based on metal were 
immersed in 25L of 0.5 g/L aqueous solution of acetic acid (30°C) and washed 
for 5 minutes, which corresponds to the retention time of the EVOH in the 
extruder. Thereby, the washed water-containing EVOH pellets (water 
content: 45 weight%) were obtained. The pellets were evaluated by the same 
manner as in Example 5. Table 6 shows the evaluation results. 



Table 5 





Ethylene 

content 

(mol%) 


Saponifi- 
cation 
degree 

(%) 


Feeding 
amount of 
EVOH 
*l(kg/hr) 


Concentration 
of acetic acid 
in washing 
liquid 
(g/L) 


Adding 
amount of 
washing 
water 
(L/Hr) 


Ex.5 


32 


99.5 


50 


0.5 


600 


Ex.6 


32 


99.5 


50 


0.5 


300 


Ex.7 


32 


99.5 


50 


0 


600 


Ex.8 


55 


90 


50 


0.5 


600 


Ex.9 


10 


99 


50 


0.5 


600 



*1: weight of EVOH in a water-containing state 
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Table 6 





Water content (wt%)'^ 


Content of alkali metal ionrwt%"> 


Before 

into extruder 


Right after 
extruaea irom 
extruder 


Before washing 


After washed 


Ex.5 


40 


39 


1.5 


0.0007 


Ex.6 


40 


37 


1.5 


0.0033 


Ex.7 


40 


39 


1.5 


0.0132 


Ex.8 


43 


43 


1.0 


0.0009 


Ex.9 


45 


46 


2.0 


0.0041 


Co.3 


40 


40 


1.5 


1.3 


Co.4 


43 


43 


1.0 


0.8 


Co.5 


45 


45 


2.0 


1.7 



(remark) *2: in Comparative Examples 3 to 5, the water content is a value 



before and after washing. 



In the resin composition pellets of EVOH obtained in Examples 5 to 9 
of the present invention, sodium ions were washed and removed. The sodium 
ions may damage the long-run property and appearance, that is, 
inappropriate content of sodium ions may induce thermal deterioration, 
thermal decomposition and radical coloring at the time of melt molding. On 
the other hand, in Comparative Examples 3 to 5, in which EVOH pellets were 
immersed in the washing water and washed for the same time as in Examples 
5 to 9, sodium ions were neither washed nor removed sufficiently. 
Example in 

EVOH having an ethylene content of 32 mol%, the saponification 
degree of 99.5 mol%, the content of sodium ions of 1.5 weight% based on metal 
and the water content of 52 weight% was fed into a twin-screw extruder 
shown in FIG. 4 at the rate of 10 kg/hr (which includes the weight of water 
contained). The twin-screw extruder includes a raw material feeding portion, 
a washing water supply portion, a dewatering portion, and a minor component 
adding portion. The dewatering portion was provided with a wedge wire type 
dewatering slit. A circular strand die having a diameter of 3 mm and 5 holes 
was installed at the tip of the extruder. A 0.5g/L aqueous solution of acetic 
acid was supplied from the washing water supply portion at the rate of 120 
L/hr. An aqueous solution (shown in Table 8) of acetic acid/^boric acid/ 
sodium acetate/magnesium acetate/potassium dihydrogen phosphate was 
added from the minor component adding portion at the rate of 0.65 L/hr. The 
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temperature of resin in the strand die was 1Q5X:. The resin composition of 
EVOH right after being discharged from the strand die was cooled down in a 
water bath to be sohdified. The solidified strand was cut with a peUetizer 
into columnar pellets having a diameter of 3 mm and the length of 4 mm. 
The water content of these peUets was 20 weight %. Table 7 shows the 
conditions of extrusion, and Table 8 shows the adding amount per unit time 
and composition of the adding solution. The following are the specifications 
of the twin-screw extruder. 

Twin-screw extruder 

L/D 455 

Diameter 30 mm <t> 

Complete meshing in the same 
direction 

Dewatering portion Dewatering sUt 

Rotation number 300 rpm 

Motor capacity DC22KW 

5^^*®^ 13-parts spUt type 

Number of dies hole 5 holes (hole diamieter:3 mm « ) 

Speed of taking out resin 5 m/min 

The obtained pellets were dried at 110 °C for 12 hours with a hot-air 
dryer to reduce the water content to 0.3 weight%. MI of the resin 
composition pellet of EVOH after drying was 1.5 g/lOmin. Table 9 shows a 
composition of the dry peUets. Furthermore, when the dry peUets were 
formed into a film by using a single screw extruder and evaluated, gel and 
hard spots and coloring were evaluated as "A". Table 10 shows the 
evaluation results. 
Comparative F.yamp]f> 

Similar to Comparative Example 3, 0.7kg of water-containing EVOH 
pellets having an ethylene content of 32 mol%. the saponification degree of 
99.5 mol%, the water content of 40 weight% and the content of sodium ions of 
1.5 weight% based on metal were immersed in 25L of 0.5 g/L aqueous solution 
of acetic acid (30°C) and washed for 5 minutes, corresponding to the retention 
time of the EVOH in the extruder. Thus, washed water-containing EVOH 
pellets (water content: 40 weight%) were obtained. 

The EVOH pellets were immersed in lOL of aqueous solution having a 
composition shown in Table 8 at 25 °C for 6 hours, followed by centrifiiging 
the EVOH pellets. The resultant EVOH resin composition pellets were dried 
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with a fluid type dryer at 80X: for 3 hours to obtain the water content of 20 
weight%, and then dried with a hot-air dryer at llOt for 12 hours to reduce 
the water content to 0.3 weight%. The dry peUets were subjected to the fihn 
formation test. Table 9 shows the composition and MI of the resin 
composition pellet of EVOH. and Table 10 shows the evaluation results. 

Table 7 





Ethylene 


Saponifi- 


Feeding 


Water content (%) 


Concen 


Adding 
amount 
of 

washing 

water 

(B/L) 




content 
(mol%) 


cation 
degree 
(mol%) 


amount of 

EVOH* 

(kg/hr) 


Before 
de- 
watering 


After de- 
watering 


tration 
of 

acetic 

acid 

(R/L) 


Ex.10 


32 


99.5 


10 


52 


20 


0.5 


120 


Uo.6 1 32 


99.5 




52 




0.5 





amount of EVOH in a water-containing state 



Table 8 





Adding 
amount of 
liquid (L/hr) 


Composition of adding liquid (sfL) 


Acetic acid 


Boric acid 


NaOAc 


NaH2P04-2H20 


Ex.10 


0.65 


3.0 . 


11 


3.0 


0.85 


Co.6 


10* 


0.51 


0.75 


0.50 


0.16 



Table 9 





MI (g/lOmin) 


Composition of dry pellets (ppm) 


Acetic acid 


Boric acid 


Na" 




Ex.10 


1.5 


316 


233 


127 


70 


Co.6 


1.5 


209 


227 


116 


73 



Table 10 





Evaluation results 


Gel and hard spots 


Coloring 


Ex.10 


A 


A 


Co.6 


C 


C 



According to Examples 5 to 10, it is possible to provide EVOH resin 
composition pellets having an excellent color resistance and reducing the 
occurrence of gel and hard spots formation and the amount of pellets attached 



46 



to the die with the thermal deterioration or melt attachment of resin 
significantly suppressed. Furthermore, the present invention provides a 
process allowing at least one additive selected from carboxylic acid, a boron 
compound, a phosphoric acid compound, alkali metal salt, and alkali earth 
metal salt to be contained homogeneously in EVOH even in the case where it 
IS difficult to precipitate a strand stably and to allow the additives to be 
contained in EVOH. because EVOH having less ethylene content and/or 
saponification degree was used, or EVOH was precipitated in the form of a 
strand at high speed in order to improve the productivity Furthermore, in 
the process of allowing acid substances and/or metal salts to be contained in 
EVOH, it is possible to extremely reduce the discharging amount, thus 
providing a production process that is not require waste water treating 
equipment, equipment for adding acid materials and/or metal salts again, and 
equipment for removing impurities in the treating solution. 

As mentioned above, the process for producing EVOH resin of 
Examples 5 to 10 of the present invention feeds the resin into the extruder, 
supplies the washing water from at least one place of the extruder, washes the 
resm, and discharges the washing water out of at least one place located 
downstream from the washing water supply portion, thereby removing the 
residue of saponification catalyst from water-containing and molten or semi- 
molten EVOH inside the extruder efficiently Furthermore, it is possible to 
wash EVOH in a smaU space. Furthermore, since EVOH can be washed at a 
relatively low temperature, deterioration of the polymer can be prevented. 
Exampip n 

EVOH having an ethylene content of 32 mol%, the saponification 
degree of 99.5 mol% and the water content of 52 weight% was added into a 
twin-screw extruder shown in FIG. 5, and extruded firom a circular strand die 
having a diameter of 3 mm and 5 holes. The twin-screw extruder includes a 
raw material feeding portion and a dewatering portion. The dewatering 
portion was provided with a wedge wire type dewatering slit. The 
temperature of the resin at the discharge portion was set to be lOS'C. The 
EVOH right after being discharged from the strand die was cooled down in a 
water bath to be soHdified. The soUdified strand was cut into columnar 
pellets having a diameter of 3 mm and a length of 4 mm with a pelletizer. 

The feeding amount of EVOH per unit time was 10 kg/hr (which 
includes the weight of water contained), and the amount of water to be 
removed per unit time was 4.00 kg/hr. Table 11 shows the conditions of 
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extrusion, and Table 12 shows the evaluation results. Furthermore the 
following are the specifications of the twin-screw extruder. 

Twin-screw extruder 
L/D 45.5 
Diameter 30 mm <t> 

Complete meshing in the same 
direction 

Dewatering portion Dewatering slit 

Rotation number 300 rpm 

Motor capacity DC22KW 

^^^ter 13-part spUt type 

Number of dies holes 5 hoes (hole diameter: 3 mm 0 ) 

Speed of taking out resin 5 m/min 

The water content of the resin composition pellets of EVOH after being 
discharged from the extruder was 20 weighto/o. The melt attachment rate of 

the pellets was 0 %. 
Examnles 12 an>^ 

EVOH pellets were produced in the same manner as in Example 11 
except that an ethylene content, the saponification degree, resin temperature 
the water content before adding into the twin-screw extruder and the water ' 
content after being discharged firom the extruder were changed as shown in 
Table 1. Table 11 shows the conditions of extrusion, and Table 12 shows 
evaluation results. 
Example 14 

EVOH peUets were produced in the same manner as in Example 11 
except that the dewatering portion employs an open vent instead of the 
dewatering slit. The resultant pellets were subjected to the melt attachment 
test. Table 11 shows the conditions of extrusion, and Table 12 shows 
evaluation results. 
Comparative Kyfltr^p]f» 7 

EVOH pellets having an ethylene content of 32 mol% the 
saponification degree of 99.5 moP/o and the water content of 52 weighto^ was 
dried at 80^ for 3 hours by using a fluid type dryer to obtain the water 
content of 20 weight%. The melt attachment rate of the resultant pellets was 
measured by the same manner as in Example 11. Table 12 shows the 
evaluation results. 
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ComnarativP F.iri^m pifis ft anH p 

EVOH peUets were produced in the same manner as in Comparative 
Example 7 except that an ethylene content of EVOH pellet, the saponification 
degree, and the water content were changed as shown in Table 11. Table 12 
shows evaluation results. 



Table 11 





Ethylene 

content 
(mol%) 


Saponifi- 


Tempera 
ture of 
resin CC) 


Feeding 


Amount 


Water content 




cation 
degree 
(%) 


amount 
of EVOH 
(kg/hr) 


of water 
dis- 
charged 
(kg/hr) 


Before 

feeding 

into 

extruder 
(wt%) 


After 
discharg 
ed firom 
extruder 
(wt%) 


Ex.11 


32 


99.5 


105 


10 


4.00 


52 


20 


Ex.12 


55 


95.0 


105 


10 


3.33 


40 


10 


Ex.13 


10 


99.0 


150 


8 


1.12 


20 


7 


Ex.14 


32 


99.5 


105 


10 


4.00 


52 


20 


Co.7 


32 


99.5 








52 


20 


Co.8 


55 


95.0 








40 


10 


Co.9 


10 


99.0 








20 


7 



Table 12 





Evaluation results 
Rate of melt attachment 

(%) 


Example 11 


0 


Example 12 


0 


Example 13 


0 


Example 14 


0 


Comparative Example 7 


3 


Comparative Example 8 


13 


Comparative Example 9 


2 



Exampip 

EVOH having an ethylene content of 32 mol%, the saponification 
degree of 99.5 mol% and the water content of 52 weight% was fed into a twin- 
screw extruder shown in FIG. 6 at the rate of 10 kg/hr (which includes the 
weight of water contained). The twin-screw extruder includes a raw material 
feeding portion, a dewatering portion and a minor component adding portion 
The dewatering portion was provided with a wedge wire type dewatering slit 
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A circular strand die having a diameter of 3 mm and 5 holes was installed at 
the tip of the extruder. An aqueous solution (shown in Table 14) of acetic acid 
/boric acid/^sodium acetate/magnesium acetate/potassium dihydrogen 
phosphate was added from the minor component adding portion at the rate of 
0^65 L/hr. At this time, water was discharged from the dewatering portion at 
the rate of 4.65 kg/hr. The temperature of resin in the strand die was 105°C 
The EVOH resin composition right after being discharged from the strand die 
was cooled down in a water bath to be soHdified. The solidified strand was 
cut into columnar pellets having a diameter of 3 mm and the length of 4 mm 
with a pelletizer. The water content of the pellets was 20 weight %. Table 
13 shows the conditions of extrusion, and Table 14 shows the adding amount 
per unit time and the composition of the adding solution. The foUowing are 
the specifications of the twin-screw extruder. 

'^^^ Twin-screw extruder 

L/D 45.5 

Diameter 30 mm 0 

^^^^^ Complete meshing in the same 

direction 

Rotation number 300 rpm 

Motor capacity DC22KW 

^^^^r 13-part split type 

Number of dies hole 5 holes (hole diameter:3 mm 0 ) 

Speed of taking out resin 5 m/min 

The melt attachment rate of the obtained pellets was 0%. The peUets 
were dried at 110 'XZ for 12 hours with a hot-air dryer to reduce the water 
content to 0.3 weight%. MI of the resin composition pellet of EVOH after 
dried was 1.5 g/lOmin. Table 15 shows a composition of the dry pellets. 
Furthermore, when the dry pellets were formed into a film by using a single 
screw extruder and the film was evaluated, gel and hard spots and coloring 
were evaluated as "A". Table 16 shows the evaluation results. 
ExamplPfi 16 anri 17 

EVOH peUets of the resin composition were produced in the same 
manner as in Example 15 except that an ethylene content of EVOH. the 
saponification degree, die temperature, the feeding amount of EVOH per unit 
time, the water content before adding into the twin-screw extruder and the 
water content right after being discharged from the extruder were changed as 
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10 



30 



35 



shown xn Table 13 and the amount placed per unit time and composition of the 
addmves made of an aqueous solution acetic acid/boric acid/sLium acetic 
or calcium acetate/sodium dihydrogen phosphate or potassium dihydrogen 
phosphate were changed as shown in Table 14. The thus obtained peUets 
were evaluated. Table 13 shows the conditions of extrusion. Table 14 shows 
the composition of additive solution, Table 15 shows a composition of peUets of 
EVOH resm composition and Table 16 shows evaluation results 
Examplp 1ft 

EVOH pellets were produced in the same manner as in Example 15 
except that the dewatering portion employs a barrel having a vacuum vent- 
port instead of the barrel having the dewatering sHt. The melt attachment 
and film formation were evaluated. Table 13 shows the conditions of 
extrusion. Table 14 shows the composition of the additive solution, Table 15 
shows the composition of peUets of resin composition of EVOH. and Table 16 
15 shows the evaluation results. 

EVOH pellets having an ethylene content of 32 mol% the 
saponification degree of 99.5 mo^ and the water content of 52 weightO/6 were 
immersed m a lOL aqueous solution having a composition shown in Table 14 
for 6 hours, followed by centrifuging thereof. The resultant pellets of resin 
composition of EVOH were dried at 80°C for 3 hours with a fluid type dryer to 
obtain the water content of 20 weighto/o. The melt attachment rate of the dry 
pellets was measured by the same manner as in Example 15. Thereafter the 
dry peUets were dried at UOX: for 12 hours with a hot-air dryer to reduce the 
wa er content to 0.3 weight'^. The evaluation of the film formation of the dry 

7Z^t^^- ^^^^^ composition of the resin composition 

pellet of EVOH and MI of the pellets, and Table 16 shows the evaluation 

results. 

EVOH pellets of the resin composition were produced in the same 
wJ^^^' r '"^ ^°^P^'^*i^^ Example 10 except that an ethylene content of 
EVOH. the saponification degree, and the water content were changed as 
shown in Table 13. and the composition of the treating solution, for which the 
EVOH was immersed, made of an aqueous solution acetic acid/boric acid/ 
sodium acetate or calcium acetate/sodium dihydrogen phosphate or 
potassium dihydrogen phosphate was changed as shown in Table 14 The 
resultant pellets were evaluated. Table 15 shows a composition of peUets of 



20 



25 
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EVOH resin composition and Table 16 shows evaluation results. 



Table 13 





Ethylene 

content 

(mol%) 


oaponi- 


Feeding 
amount of 
EVOH 
(kg/hr) 


Amount 


Water content 




fication 

degree 

(%) 


of water 
dis- 
charged 


Before 

feeding 

into 


After 

discharged 
from 


Ex.15 


32 


99.5 


10 


(kg/hr) 
4.65 


extruder 

(wt%) 

52 


Extruder 

(wt%) 

20 


Ex.16 
Ex.17 
Ex.18 


55 
10 
32 


95.0 
99.0 
99.5 


10 
8 
10 


3.44 
1.13 
4.65 


40 
20 

52 


15 
12 
20 


Co. 10 
Co.ll 


32 
55 


99.5 
95.0 






52 
40 


20 
15 


Co. 12 


10 


99.0 




■ 1 


20 


12 



Table 14 



Ex.15 



Ex.16 
Ex.17 



Amount 
of adding 
liquid 
L/hr 



0.65 
0.40 



Ex.18 



Co.lO 
Co.ll 



0.35 



0.65 



10* 
15* 



Composition of additives (g/L) 



Acetic 
acid 



3.0 

0.5 



4.0 



3.0 



Boric 
acid 



11 



13 



0.51 
0.07 



21 
11 



0.75 
0.56 



NaOAc 



3.0 



2.9 



3.0 



0.50 



Ca(OAc)2- 
H,0 



1.1 



NaH2P04 



0.85 



0.53 



^fH2P04 



0.85 



1.1 



Co. 12 



20* 



1.1 



0.65 



0.18 



0.77 



0.09 



(remark)*: amount of liquid for immersing treatment 



0.31 



52 



Compositio n of additives in dry o eUet. (nDm) 



Example 15 



Example 16 



Example 17 



Example 18 



Comparative 
Example 10 



Comparative 
Example 11 



Comparative 
Example 12 



Evaluation restilts 
Gel and hard spots 



B 



Coloring 



B 



Rate of melt 
attachment (%) 
0 



_0_ 
0 



B 



D 



13 



8 



According to Examples 5 to 10. it is possible to provide EVOH resin 
composition peUets having an exceUent color resistance and reducing the 

with the thermal deterioration or melt attachment of resin radicaUy 
suppressed Furthermore, the present invention provide a process of 
allowing at least one additive selected from carboxyHc acid, a boron compound 
a phosphoric acid compound, alkali metal salt, and alkali earth metal salt to ' 
be contained homogeneously in EVOH even in the case where it is difficult to 
precipitate strand stably and to aUow the additives to be contained in EVOH 
because EVOH having less ethylene content and/or saponification degree wa; 
used, or EVOH was precipitated in the form of a strand at high speed in order 
to improve the productivity. Furthermore, in the producing process of 
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allowmg acid substances and/or metal salts to be contained in EVOH it is 
possible to extremely reduce the discharge amount, thus providing a 
producmg method that does not require waste water treatment equipment 
equipment for adding acid materials and/or metal salts again, and eq^ment 
for removing impurities in the treating solution. equipment 

As mentioned above, according to Examples 11 to 18 of the present 
invention, water can be removed effectively by discharging liquid water and/or 
vapor water from the water containing EVOH resin in at least one placetL^^e 
the extruder. Furthermore, after the water content of EVOH resin was 
adjusted, the additives can be added inside the extruder effectively. 

In addition, as compared with the conventional drying method with a 
hot-air dryer, the deterioration due to heat or coloring at the time of drying is 
small and melt attachment between pellets or between the pellet and^ 
inner wall of the device can be avoided. Furthermore, when it is difficult to 
allow the strand to precipitate, for example, when EVOH having a low 
ethylene contents and /or saponification degree is used, or when the high 
speed strand precipitation was performed in order to improve the productivity 
the present invention can provide a process capable of uniform drying 
Thereby, it is possible to produce the products of high quality in a case of using 
EVOH having a low ethylene content and/or the saponification degree, and to 
improve the productivity. 
Examplp ip 

EVOH having an ethylene content of 32 mol%, the saponification 
degree of 90.5 mol% and the water content of 40 weighto/o was supplied into a 
twin-screw extruder ha^ong one dewatering sUt shown in FIG. 7. at the rate of 
42 kg/hr. and the water firom EVOH was removed in the form of Uquid water 
or vapor water to reduce the water content to 23 weighto/o. Thereafter. EVOH 

r.^FTr / r''^''"''^^^^^ The molten product was cut with a hot 
0 oT^^f r ^^"i,"^ separated a distance of 

0.05 mm firom the dies. The resin temperature at this time was llO^C The 
flow rate of circulating water of the cutter was 30 liter/min. 

The discharge linear velocity from the dies at this time was 21 m/min 
7 5 mTser'' ^^^^^ "^^^ peripheral speed wa^ 

«nH ,f obtained in this process was a sphere pressed 

and uniaxially crushed (disk shape or flat sphere shape). The diameter 
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thereof seen from the front was 3.3 mm. and the thickness seen from the 
cross-section was 2.6 mm. The peUet was evaluated by the foUowing 
methods. Table 17 shows the results. 
(Specifications of extruder used for evaluation) 

'^^^ Twin-screw extruder 

L/D 42 

Diameter 47 mm 0 

Complete meshing in the same 
direction 

Rotation number 450 rpm 

Cylinder temperature 95X:, 
Dies temperature 120^; 
Number of dies holes 6 holes 

(Evaluation of pellet size) 

The diameters and length of 100 pellets were measured with a caliper 
The percentage of the pellets falling in the range of the diameter of 3 3±0 2 
mm and the thickness of 2.6±0.2 mm was determined. The evaluation was 
based on the following. 

O: 90% or more 

A: 70% or more and less than 90% 
X : less than 70% 
Exampip 90 

The pellets produced using EVOH having an ethylene content of 20 
mol%, the saponification degree of 99.5 mol% and the water content of 40 
weight% by the same method as in Example 19 were evaluated in terms of the 
accuracy of cutting pellets. Table 17 shows results. 

The pellets produced using EVOH having an ethylene content of 20 
mol%, the saponification degree of 90.0 mol% and the water content of 40 
weight% by the same method as in Example 19 were evaluated in terms of the 
accuracy of cutting pellets. Table 17 shows results. 
ComnarativP F.vamp]^ 1^ 

Columnar pellets were obtained in the same manner as in Example 19 
except that the resin was extruded into a cooUng bath in the form of strand 
from a strand die and strands were cut with a strand cutter instead of hot- 
cutting the molten state resin extruded from the extruder. The strand die is 
provided with five holes, each having an outer diameter of 3.3 mm, arranged 
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20 



accuracy. Table 17 shows the results. 

str,n^ diameters and length of 100 peUets. obtained by cutting with a 
strand cutter, were measured with a caUper. The number of the peUets 

!cLT O^'"""'"^"- The cutting accuracy was detenXed i^ 

foUows"" """'"'^^ ^''"^^"^ above-mentioned ran^ 



O: 90% or more 

^' "70% or more and less than 90% 
X : less than 70% 



e:<ceot thatT"f.'"'" Produced in the same manner as in Example 20 
ex^pt that the cutting method as in Comparative Example 18 was employed 

17 :cfth: r::r "^-^ ^^^^ — -^^ 

Comnarntive F.-ramplp f <; 

Columnar pellets were produced in the same manner as in Examnle 21 
except that the cutting method as in Comparative Example 13 was employed 

n ihrsThrr^u" "^'^ -'^^ ™- -^"e 



Table 17 



25 




As is apparent from Table 17. since in Examples 19 to 21, EVOH resin 
was cut by the hot cutting method, the cutting accuracy was good and the 
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cutting property does not suffer from any problems On f^ho «^v, u ^ • 
Comparative Examnles 13 tm ^ .ft i o^^er hand, m 

strand in thl ! M I ' P^^y^^^r was extruded in the form of a 

strand in he cooling bath, the resin was cut with a strand cutter. There 
were problems in terms of the cutting accuracy and cutting property 

As mentioned above, in Examples 19 to 21 of the present invention « 
water-containing and molten st«f T?vr»M • • , present invention, a 

portion, and ouUn tL mll„ a"! " ^^"^ 

cnt effectively in a short ^e " ™' 

methanol solution of ethylene-vinyl acetate copolymer having an 
ethylene content of 32 weight"/, was pUced in a saponification „a^ra 
sod.um hydroxide/methanol solution (SO^, was'added the^~ I be 
0^4 chemical equivalent with respect to a vinyl acetate component in the 

was nerfo^^Z f K i . I temperature was raised to eO'C and reaction 
Zr i . ""'^ 8- the -actor. 

Action Fu'r^hl -utralized with acetic acid to stop the 

reaction. Furthermore, water corresponding to 55 weight % of whole amount 
of methanol was added so as to obtain a solution of methanol of EVOH hTvLg 

"he EVOH^rr' ^^P"-^-"- O'Sree of 99.5%, and waZ 

Itf , was precipitated in the form of a strand by extruding the 

solution mto water from a metal mold having a circular opening The 

tterlfrr ,nl '"r"" ^"^-l^-l then dewatered 

water ?he I. ^ 1 ? -"'rifuged to remove the surface 

Itht % ""^""^^ '-rf-- «f tke thus obtained peUets was 0 

degree 0II9 5 mot"' """"^''"^ ""2 mom, the saponification 

degree of 99.5 mol% and the water content of 33 weight % was fed into a 
twin-screw extruder shown in FIG. 10. The resin temperature at T 
discharge portion was lOOt;. A treating solution made of an aqueous 
solution of acetic acid/boric acid/sodium acetate/magnesium ac^ute/ 
potassium dihydrogen phosphate was added from the minor comp^ent 
adding portion (408) as shown in FIG. 10. The feeding amount of EVOH per 

of treatment liquid was 0.67 Mir. The treating solution had a composition 
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a^o'lrf ^ "'""""^ ^ "-6 of sodiun. acetate 

(Raw material feeding continuous test) 
Volumetric single screw feeder 

Treating Amount: 10 kg/hr (capabiHty: 4 to 20 kg/hr) 
hopper: 30L 
10 drive: 0.4 KW 

(Extruder) 

Twin-screw extruder 
^ 45.5 
Diameter on ~- ^ 

Screw 

^ C_omplete meshing in the same 

Rotation number 300 roT 

Motor capacity DC22KW 

Heater io . 
Number of dies holes 

T*.«,r.o..o ^ t . ^ diameter: 3 mm * ) 

lemperature of resin in dies 105°C 

Speed of taking out resin 5 m/min 

^^ V, '^*?7^*^''^°''*^''*°^P^"^<^«°fEV0H resin composition after bein^ 
15 discharged from the extruder was 20 weight % Aftpr tl,o 

were dried at 1 nn°n 1 ^ u ^eignt /&. After the obtained pellets 

Too" Z 15 h ' K " ^ """'^ '^^^^ ^^^^ dried at 

weLht % Furth! ' ^^"^^ 0.3 

weignt A. Furthermore, MI was 1.5 g/lOmin. 

20 A ^ ^"^ ^'^^^ '■"'"^d of the resultant dry peUets 

20 and examined for gel and hard spots and coloring 

evaluated l^^r""" "ard spots and a color resistance was 

feeder ""TWaT";*' T""" "^"^^ ^"'P-' "f ""e 

25 Pu^h. T"^' ^'""y into the extruder 

Furthermore, since the amount of surface water of the pellet is smaU the 
water vapor was not generated at the lower portion of the hopper, raw 
materials are not melted, and raw material pellets can he fed staMy Ito the 
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extruder. Therefore, the added amount of acid and/or metal slat is stable 
and the thermal property was not deteriorated. Table 18 shows the 

Tbt r\ "''"T' composition of treated liquid and 

Table 20 shows evaluation results. '4iua, ana 

EVOH peUets were produced in the same manner as in Example 1 
except that an ethylene content, the saponification degree, resin "rperature 
the water content before adding into the twin-screw extruder and the w^tT' 

of a solution of at least one selected from the group consisting of carboxylic 
acid a boron compound, a phosphoric acid compound, alkali metal salt,^ 
alkah earth metal salt are changed as shown in ■R.ble 19. T^ble 18 sh;^^ 

the.edrr::rr-^^^^^^^^^ 

Furthermore, since the amount of surface water of the pellet is small the* 
water vapor was not generated at the lower portion of the hopper, raw 
materials were not melted, and raw material pellets could be fed stably into 
the extruder. Therefore, the added amount of acid-metal slat is stable. C 
the thermal property was not deteriorated. 
Comnarativp F.vy^niplf Ifr 

f solution of ethylene-vinyl acetate copolymer having an 

ethylene content of 32 weight was placed in a saponification reactor, a 
sodxum hydroxide/methanol solution (80g/L) was added thereto so as to be 
0.4 equivalent with respect to a vinyl acetate component of the copolymer, and 
tT20or Vrtf *° ^'^^^^^ concentration of the copoi;mer 

Tbout 4 ho 'T-rif ""'^ '° ^^"^ performed for 

about 4 hours while blowing nitrogen gas into the reactor. After 4 hours the 
reacted product was neutrahzed with acetic acid to stop the reaction 
Tnd EvTh b ■ --^-PPli-d thereto, and a solution of methanol, water 

2tTnf^^Z"^ an ethylene content of 32 weight o/o and saponification 

form of ? '^'^ "^""^^ precipitated in the 

form of a strand by extruding the solution into water from a metal mold 

dfareirf r it" ^^^^ P-^P^^-^^^ P-duct was cut into pellets having a 
diameter of about 3 mm and the length of about 5 mm. The obtained pellets 
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were dewatered with a centrifugal separator. Furthermore, an operation in 
wh.ch a large amount water is auppUed to the peUets and again dewate^d 
w.th a centnfugal separator was repeated. The water percLage Tf the 

When the resultant pellets were subjected to the raw material feedine 
con^nuous test, 0.5 hours later, they were bridged at the lower part of the 
hopper, and the operation was stopped. Furthermore, when the obtained 

and hi T'* f -tremely poor, that!s gel 
and hard spots were much observed, and coloring occurred. Tabte 18 shows 

20 shTw ;r -"'"'^ 1« t»e treatment solution and TaTu 

20 shows the evaluation results. 



Table 18 



Ex. 


Ethylene 

content 

(mol%) 


Saponi- 
fication 
degree 
(%) 


Feeding 
amount 
of EVOH 
*1 

(kg/hr) 


Adding 
amount 
of 

treating 
solution 
(Uhr) 


Tempera 
•ture of 
resin in 
extruder 


Water 
content 
of resin 
surface 
(%) 


Water content (%) 


Before 

feeding 

into 

extruder 
(wt%) 


Right 
after 
discharg 
ed firom 
extruder 


22 
Ex. 


32 


99.5 


10.0 


0.67 


100 


0 


33 


(wt%) 
20 


23 
Co. 


32 


99.5 


11.4 


0.67 


120 


8 


41 


20 


16 
*1 


32 


98.5 


19.1 


0.67 


120 


30 


65 


20 



Table 19 



Ex.22 
Ex.23 
Co. 16 


Acetic 

acid 

(g/L) 

4.3 

7.2 

7.2 


Boric 
acid 
(g/L) 
15 

.- 


Phosphoric 
acid compound 
(g/L) 

KH,PO. 1.4 
KHoPO. 1.6 
KH,PO. 1.6 


Alkali metal 
salt (g/L) 

NaOAc 4.6 
NaOAc 17.8 
NaOAc 17.8 


Alkali earth 
metal 
salt (g/L) 
Mg(OAc), 3.0 
Ca(OAc)o 4.0 
Ca(OAc), 4.0 
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le 20 






Kaw material feeding 
continuous test 


Quality of formed film 


Ex.22 
Ex.23 
Co. 16 


<Jontinuous operation 

time (hr) 

>8 

>8 

0.5 


Gel and hard 

spots 

A 

A 

C 


Coloring 

A 

B 
C 



As mentioned above, according to Examples 22 and 23. the foUowing 
advantages are attained. "wmg 

(1) It is possible to prevent the raw materials fi:om being bridged in the 
hopper xnsxde the extruder and to feed the raw materials into the exLder 

(2) Since the amount of surface water of the pellet is smaU, no water 

1=^:.^ ^^^^^ - --^^i 

.rr.. f^l ^'T "^^'^"^^ P'"'*' ^^*^"<1^-. the added 

rtrt:^!:::^^^^^^ ^^^^ ^^^^ ~- " -^^^ ^« 

As mentioned above. Examples 22 to 23 of the present invention 
Illustrate a method of melt kneading the water-containing EVOH resin. By 
feeding the pellets into the extruder with the water content of the entire 
pellets of the resin set to be 0.5 to 70 weight o/o and the surface water content 

effectively''' "^^'^^^ "^'^ ^'^'^ 

The invention may be embodied in other specific forms without 
departing firom the spirit or essential characteristics thereof The 
embodiments disclosed in this application are to be considered in all respects 
as llustratxve and not restrictive, the scope of the invention being indicated 
by the appended claims rather than by the foregoing description, all changes 
that come withm the meaning and range of equivalency of the claims are 
intended to be embraced therein. 
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